UNCLASSIFIED 


AD  NUMBER:  AD0896854 

_ LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is  unlimited. 


FROM: 


Distribution  authorized  to  U.S.  Gov't,  agencies  and  their  contractors; 
Administrative/Operational  Use;  09  NOV  1977.  Other  requests  shall  be 
referred  to  Office  of  Naval  Research,  Arlington,  VA  22203. 


_ AUTHORITY 

ONR  Itr  dtd  09  NOV  1977 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


fcisiBiH 


••V 


TL-iTTL 


Jl_ ruL 


PROJECT 

WHIRLWIND 


Contract  N5ori60 


SUMMARY  REPORT  NO.  i 


VOLUME  14 


AIRCRAFT  SIMULATION 


SERVOMECHANISMS  LABORATORY 
MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 

./<D  5L£atS\  S*VV  RESEARCH  SF 


MR  » 


NAVY  RESEARCH  SFCTiON  ’i 
SCIENCE  DIVISiON  I 

3  REFERENCE  DF  f  *  ;t'7  *»j  f  my 

•JMary  o;  cuNaRcss 


— PROJBG?-«aKWmB~ . 

Summary  J^eportr^o.  2#  / 
T  )  N  avex&asf^^Y/ 


AIRCRAFT  SIMULATION 


Volusia  14  of  22  Volumoa 


Servooechaniomn  Laboratory 
MaaflachueettB  Instltuto  of  Technology 
Cambridge,,  Maneaohuaetts 


CONTENTS 


M-148,  Summary  Report  No,  2B  Introduction.  to  Volume  14 

H«49,  Numerical  Ranges  for  ASCA  (Revised  Estimate  - 

May  9  „  1945)  „  by  Larry  Berabaum  mid  Joseph  Bicknell, 

May  10,  1945 

R~630  ASCA  Conference,  September  14,  1945,  by  Stephen  H,  Dodd, 
September  18,  1945 

E-7,  Additional  Symbols  Required  for  ASCA,  by  Peter  ».  Tilton, 
February  26,  1946 

R~980  Constanta  and  Curves  for  a  Twin  Engine  Airplane  (Called 
Model  A)  for  Analyzer  Equations,  by  Stephen  H,  Dodd, 

March  7,  1946 

H-103,  Discussion  of  Functions  in  Aircraft  Equations  of 
3=64-1  and  R-S8  by  Aerodynamics  Group,  by  Karris 
Fahnentock,  July  25,  194:6 

C-15„  Coding  of  Aircraft  Flight  Equations,)  by  Harris  Fahnestock 
and  Robert  R„  Everett,  October  9,  1946 

M-65,  Solution  of  Simplified  ASCA  on  Whirlwind  IB  by  Harris 
Faluve stock,  March  31,  1946 

Rp»940  Some  Psychiatric  Observations  on  Cockpit  Design,  by 
Richmond  Holder,  M,D,„  February  12,  1946 

IU10Q,,  Method  of  Cockpit  Mounting  and  Actuating  Mechanism, 
by  James  B„  Swett,  March  4,  1945 

K~74,  Project  Whirlwind  Aircraft  Cockpit  Equipment,  by 
Joy  tf0  Forrester,  May  9,  1947 

M-85,  Recapitulation  of  Work  Done  on  Design  of  Cockpit  Assembly, 
by  George  H.  Graff,  June  20,  1947 

R-125,  Flight  Simulation,  Discussion  of„  by  Robert  Wlesor, 

July  29,  1947 

H-36,  Description  of  Proposed  Control  Force  Demonstrator,  by 
Robert  R„  Everett,  May  3,  1945 


ffl-148 

CTJ  2  ^ 


INTRODUCTION 


\ 


Tho  initial  objective  of  £r.Q.ject  Whirlwind  was  to 
simulate  the  flight  characteristics  of  an  aircraft  with  the 
aiffi  of  obtaining  pilot  reaction  to  a  proposed  aircraft  based 
on  wind  tunnel  data  without  first  going  to  the  expense  of 
building  a  prototype.)  The  simulator  could  also  be  used  uo 
evaluate  the  desirability  of  proposed  changes  in  an  existing 
aircraft.  A  computer  would  have  stored  in  it  a  program  for  the 
solution  of  the  equations  of  motion  of  an  aircrafts  and  the 
function  tables  representing  the  characteristics  of  a  particular 
aircraft  based  on  wind  tunnel  data.  Inputs  to  the  computer 
would  be  the  pilot’s  control  motions j  outputs  would  be  the 
appropriate  instrument  readings  and  quantities  representing 
•the  forces  on  the  pilot  and  on  the  controls.  This  is  quite- 
fully  described  in  Summary  Report  No.  1  which  is  Vol.  3  of 
-this  series.  Report  R-64-1,  which  is  Append  ins:  A  of  Summary- 
Report  No.  1,  presents  a  form  of  these  equations  as  worked  out 
-by  the  staff  of  the  Aeronautical  Engineering  Department  at  - 
M.I.T.  in  co-operation  with  Project  Whir  lw ind .m" this  form  of 
the  equations  is  capable  of  digital  solution  and  the  variable 
coefficients  can,  in  general,  be  measured  in  existing  wind 
tunnels.  An  extension  of  wind  tunnel  techniques  underway 
to  measure  the  rotary  derivatives..  Certain  modifications 
have  been  made  in  the  equations  and  functions  since  publica¬ 
tion  of  r-64-1.  In  particular,  a  transformation  of  axss'h^o 
been  made  which  alters  the  form  of  equations  (4),  (5), 

(13).  (14),  (15)  and  eliminates  the  necessity  for  repeatedly 
solving  equations  (16),  (17)  and  (18) ..  Independently  ox  this, 
the  number  of  variables  in  some  of  the  coefficients  has  been 
reduced. 


r-103  is  an  analysis  of  the  functions  in  the  air-, 
craft  equations,  of  R-64  with  particular  reference  to  a 
typical  aircraft  described  in  R-98.  It  determines  the 
storage  capacity  necessary  in  the  computer  to  describe  the 
aircraft,  and  shows  the  relative  interpolation  time  devoted 
to  various  computed  quantities o 


C-15  is  an  extension  of  this  to  indicate  the 
necessary  computing  speed.  The  coding  described  in  C-15  was 
done  for  a  serial  computer  and  used  an  integration  method 
which  must  to  revised.  However,  the  results  can  be  directly 
Interpreted  in  terms  of  a  parallel  computer. 
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E~65  discusses  the  abilities  of  the  Whirlwind  I 
computer  to  handle  the  aircraft  simulation  problem.  Further 
work  indicates  that  the  Whirlwind  I  computer  could  give  a 
reasonable  representation  of  the  motion  of  the  aircraft  about 
all  three  axes  provided  some  rather  severe  restrictions  were 
imposed  on  speed  range ,  angle  of  attackj  angular  velocities 
a)3d  control  motions  0 

Cockpit  design  is  in  progress.  Firm  decisions  on 
all  of  the  questions  of  design  have  not  yet  beer.  made.  In 
order  to  obtain  valid  pilot  reaction  to  evaluate  simulated 
aircraft,  the  cockpit  must  be  capable  of  producing  a  realistic 
sensation  of'  flight  and  accurate  simulation  of  aircraft 
behavior  as  normally  perceived  by  the  pilot.  Simultaneously, 
the  pilot’s  actions  in  controlling  the  simulated  aircraft 
must  be  transmitted  to  the  computer. 

Accurate  simulation  of  aircraft  behavior  la  trans¬ 
mitted  to  the  pilot  as  1)  control -force  loading  or  control 
"feel” 5  2)  noise  and  vibration,  3)  correct  indication  of  all 
instrument,  4)  duplication  of  the  appearance  of  the  actual 
aircraft  interior,  and  5)  simulated  acceleration  produced  by 
cockpit  motion.  The  general  approach  to  the  problem  described 
in  R-125  has  been  to  develop  equipment  to  duplicate  aircraft 
appearance  and  behavior,  except  in  the  case  of  cockpit  mooion 
where  exact  duplication  is  Impractical. 

A  test  model  of  the  control -force  loading  servomechanism 
for  elevator  forces  has  been  constructed  as  described  in  R-360 
Tests  of  this  equipment  show  that  it  is  very  nearly  satisfactory,, 
and  work  is  under- way  to  improve  its  speed  of  response.  The 
simulation  of  elaatance,  backlash,  and  cculomb  friction  in 
aircraft  controls  will  be  necessary.  Mechanisms  for  inserting 
these  quantities  in  the  control  linkages  have  been  designed, 
and  studies  are  being  carried  out  to  determine  the  xeasibility 
of  an  alternate  method,  of  inserting  these  quantities  by  means 
of  the  computer  and  the  control-force  loading  servos  0 

Noise  and  vibration  generators  have  not  been  studxed, 
since  suitable  simulation  has  been  accomplished  in  some  Navy 
Operational  Flight  Tx’ainers,  see  R-125. 

The  design  of  the  pilot’s  Instrument  panel  has  been 
started.  The  less  precise  instruments  will  be  voltmeters  and 
.the.  faster,  moro  precise  instruments  will  be  servomechanisms 
receiving  data  from  the  computer  (M-74  and  R~X2$)° 
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Studies  of  cockpit  mounting  and  motion  have  been 
made  and  are  reported  in  R-100  and  R“*125»  At  best,  cockpit 
motion  can  only  approximate  the  accelerations  applied  to  the 
pilot.  Since  the  necessity  for  cockpit  motion  has  not  been 
established,  and  since  the  present  building  facilities  will ' 
not  allow  sufficient  cockpit  motion,  this  phase  of  Whirlwind 
I  design  of  the  first  cockpit  has  been  discontinued,, 
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Mi scellaneoun  Boil actions 
Lg  -  landing  gear 
Cjp  -  cowl  flaps 
DG  -  bomb  door 


100$ 


Linear  Velocities 


V  -  velocity  along  flight  path  (0  t )  ) 

u  -  velocity  along  02 
v  velocity  along  oy 
w  -  velocity  along  oc 
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Linear  Accelerations  (Along  Wind  Axes. 


15  g 


Sstimatod  from  maximum  allowable  loads.  Large  airplanes  are 
designed  for  a  load  condition  of  -4  g.  Pilot  cannot  talc©  more  than 
-10  g  except  for  extremely  short  intervals..  Maneuver©  to  give  a 
positive  acceleration  are  not  common,  i5  g  should  cover  all  condi oionc, 

A  0  »2.0  g 

m 

The  maximum  acceleration  along  the  ox  axis  due  to  aoro dynamic  ^ 
effects  alone*  is  estimated  as  -2  &  assuming  flaps  can  to  :,ully  daileccu 
(On*  ,4)  Instantaneously  at  a  speed  of  200  nun.h,  for  a  ll/b  «  2U  lbj.i* 
ft.  It  is  expected  that  drag  increases  due  to  Much  nmcoor  ofi^s  tflU 
not  give  a  deceleration  of  the  above  magnitude, 


1  g  is  estimated  for  a  rocket  assist  take-off  ax  &C^iiup,rm  mu 
4  uoconds »  2.5  s  is  estimated  for  a  catapu.lt  tslcj-ofx  at  bO 

in  60  ft,  ( for  small  aJ.rplaneo).  "1  g  i»  estimated.  tor  rov«rs.  o„o 

thrust  props 


Kuport 
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;£2.5  .3  f  s  1'a««rt  o.i  wnx.Uon  eitft  to  '.  .)  coy:?  4  :ri  ..-a*  .•  i* 
3u4.d«aiy  attained  'by  yavln*  a  20  Ib./i’t.  »*: \o\-.\t  1  ai;:c  an:  <On 
when  flying  t.t  200  n. .  o  .  h . 


Angular  Voloclfc.iaa  (ral^ec) 


a.  Maamtrgfl  on 


SB2  C  1 


£:  26s  -  21 


iV/s,  lbfl./ft.2 


JO  apprt 


b'  Obtainable  She  accrol-n  ■;ion»  aid  vo'iooitioc  vlll  bt  inv  >rfu>ly 
proportional  to  tag  wing  loading,  V//S,  2*0 r  r., n  airplane  IfOre  A  < 

JB~26H*-?1  vith  a  deitt'aaaod  W/JJ  t.  .20  Xbs./iTi.S,  tat.  ialccitieo 
would  Oar. 

p  =  1.25 

q  s:  •  75 
r  a  *37 

«•  -Po  a  Bible  Zy  forcing  t,hs  notion.  i  e  ,  apply  ,'«c:  left  and  rlg.it 
rudder  alternately,  the  vnlooitl  -a  ulflfc >  W  dcwtiled* 

p  x  2-5 

q  =  1,5 

r  =  t?‘5 


d.  Doalgri  Hcsi.nn.tn  for  ASCA  Since  an  r  ss  ;  wan  i  laboured  on  ..lie 
v-?l6,  and  adding  a  margin  of  oaf  <; ty ; 

p  =  £4.0  re.il/cec 

q  »  ±2,0  rad/cec 

r  •-  ±2. 0  x' Ail  I  esc 


t/ionr,) 
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Fo  a  a  role  By  forcing  the  motion,  the  nccolerati  ona  .might 

be  doubled;; 

p  s  5>G 

q  =  1,;> 

4- 

r  *  1.0 


Dsol&n  iffaximm  tor  ISO'*;.  Including  &  r.&rgin  vr?  iV-ifei".;/  ret. 
to  the  accelerations  that  aro  possible .  the  :C  :>llv“d.ng  are 
auggaoted; 


■£j  rad/ so cT 
r'3  r&A/ncn^ 
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i  Vick  and  Pedal  Loans 


iche  following  are  2 c 5  times  tho  limit  of  it.  a  average  pilot  *  n 
and  chculd  lie  considered  go  the  nia~'-muni  loads  to  reach  the  control' 
control  oy  at  am  with  a  boort  can  'as  rsprsf.caioe  by  incorporating  it 
machine  before  the  final  control  loads  are  computed,, 
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Should  'flu  in  dc.ss’e&c,  V®«a.vi»s  the  st.-upcil  dicta  r>OK 
vlxich  function*.  ofOCani  S'W*  fe.v.n  «»Ww?.i»2<.  av: 
in  clagroeo. 


<3C,  b' 


Should  ha  in  radians  par  saoond. 


cU-  <*s* 

C»  Altai*’  ;j"c’ 

^  ©;  J// 


Control  surface  definitions  should  la  in  dt.^rsv 


Earth  angles  should  he  recorded  in  •:,<&£?  20s,  Vat.  t:»\v  he 
handled  in  the  an«t?.y;:>r  as  radicnc . 


p.  <1,  * 

/* 


Body  astoe  velocities;  radiant;  per  second  mo  TecomrconfiMl. 


Ball  bank  angle,  doc.voor. 


Velocities  con  be  handled  in  oho  ae/ily^r  in  fo&t  por 
oecond  unite.  On  th«  air  speed  peter  they  should  be 
miles  par  hour.  On  the  recorder  V  should  he  is* 
wiles  per  hour. 


Hormal  accelorntionf;  on  t/ni'  ruoordai*-  should  he  :.  »••}■ 
unite. 
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ASOA  Confereroo,  -mp's  ember  14 c  1945 


The  people  Attending  this  conference  wer«5 


j,  Vt  0  jibrrester 
Jt  Bicinell 
L.  Beribaum 
J„  Luc  wig 
H..  Wi  .unaki 
H.  Bo/d 
E,  I>  orett 


;?.»  Hbllnagel 
iU  MacKacbale 
Vi\,  Lewd 

R, .  Brown. 

M,.  J/loroncourt 
B,  Dri  ako 
Pi,  Pierce 

S,  bodd 


Take-off  anc.  Landing 

W.it-.ona  to  the  original  taire-off  and  lending  specif icetioQB 
u<r,„  recommended  b»  J*  BlckneU..  Be  recoramndcd  that  the  rolling  momenta  should 
he" computed  during  takeoff,  but  no  effect  c:C  this  rolling  r.cment  wan  to  De  UU 
until  the  plan®  h»d  le.tt  the  grounds 


Screen  for  Vlsviu 

It  van  decided  that  a  screen  for  visual  take-off  wan  not  to  be 
included  as  apart  of  the  analyser,  hut  provisions  were  to  be  made  eo  that  a 
screen  could,  oo  easily  added* 


(a)  Ko  accuracy  beyond  stall  poll  t 

(h)  Increase  or  add  rolling  and  y  wing  moment  t*. 

(c)  Rodv.ce  lift 

(d)  Problem  of  returning  te  lift  tinre  must  bo  settled 
(o)  Buffeting  to  b®  added  cm  controls 


Conor  i  jelbllltg.  A-iiL-^iiSl3AgSL»§9MMft&S 

(a)  Compressibility  effect  a  n  oar  or  v'bo*?e  sound  velocity  can  bo 
included  by  considering  the  Mach  .ivucbcr . 

(b)  This  Mach  number  is  like  the  ot he :  non*»linof»r  data  and 
could  be  added  later  if  itefiimd. 


ut-w.r  •(.■as-«i-nmsui'<3  osnc 
(c.)  Should  tfcera  be  a  RorVu r-.'l, 
G0V.TDr.i3S? 


y  trio  n  r  r'i  o'.’  -uiD 


Coekoi  ’i  Instruments 


Manifold  Pros aura 

Engine  3UFM(built~j.n  oync no  scope a ) 

Artif leal  Kori son 

Air  Speed 

Turn  and  Bank 

Gyro  Coraparaa 

Blind  Lanxliiig  Inatruiaoui. 

Remote  Flux-gat©  Compacts 
Rate  of  Climb 

AltimeterCboth  pro  a  sure  and  radio} 

Suction  Gauge 
Clock 

Increase,  Decrease  Lighto  for  1  rope liar  Governor 
Wing  Flaps  and  Landing  Gs&r  I  sac  letter 
Outside  Air  Temperature 
Gy  1  i  a  a  e  ? 1  H  s  ad  Te  rap  e  va  tur  -is 


Bngiaeer a  Panel 


She  possibility  of  one  panel  for  the  niflvb  •rngiaosj* 
i  ant  mo  tor  vats  discusced  The  opinion  Boomed  co  Tie  tho  ?>  one  <w.u  you  id 
perform  Both  dntieo* 


An.  fc  o  sria  t  :1  c  Pi  1  o  b 


"bs  added  later, 


Proviaion  for  an  automatic  pilo  t  isuct  be  mada ,  "but  i 


Deflection  of  Aircraft 


(a) 

Daflec'!'.;, 

on  of  fuafrlap 

•a  arid  ♦ting*  reftr.ci: 

Olff-ct  ft 

f  the  control 

\!w.rf  aca  ?  r 

(b) 

Drop  in 

©jeweetod  roll 

’Positesst  is  about-  i 

tc) 

Aileron s.i 

Wi.ll  no  ?  require  extra  oiR.cu] 

(d) 

StriM  lif: 

Cl  7 *  TO  G  ’ll  A  V  f:  ':i  <’• 

V  tr»  ual  CAT  1. 00  >3 

(») 

J,  Biclcs! 

lo'j.X  thinks  i' 

.  should  ro  '>  u 

Sanations  of  Motion 

The  »e  do  not  el  low  mo  rot  than  approximately  _7„  (0'J  of 
continuous  motion-  This  A»  considered  acceptable,, 

r 

Cental*  of  Gravity  Shift  a 


G,G-.-,  shift e  should  be  possible.  Changes)  of  moments  of 
Inertia  were  discus  sod  and  probably  will  be  included .. 


Instructor 1  a  and  Operator 4 »  Panel 

The  instructor  will  probably  also  ant  its  flight  engineer. 
Ho  should  bo  able  to  changa  the  following  while  the  airplane  is  in  flights 

(a)  Change  0  „  G 

(b)  Disable  engines  and  prop ell ere 

(c)  Change  mas a  and  momenta  of  inertia 

(d)  Introduce  gusty  or  rough  air 

,(e)  PB4I  no\i  has  changes  due  to  rough fc  air  > 
in  the  roll  only, which  Lb,.  Ludwig  fools  is 
mo ra  realistic  than  the  PBM  t e or o a a  » t  a  t i oi i n 


Ground  Track  Recorder 


rrt  jcu**ftz*tix2y***m~nnz-vrew&xJ.rmr?~3i:  •  ■*k—*  rttT 


(u)  This  should  bo  added:, 

(b)  Lb ,  Ludwig  will  supply  e  crab  or  crot?s 
arm  flight  recorder., 

(c)  May  ha  controlled  by  instructor 


Radio 


A  dummy  radio  est  furnished  with  cockpit  should  bo 
eluded  to  allow  simulated  landing  by  radar,. 


Wind  Effect a 


Ho  wind  effects  will  be  Included  except  rough  -air-, 


Cockpit  Motion 


(a)  Cockpit  should  tilt  and.  pitch, 

(b)  Cockpit,  should  probably  be  moral  tod.  on 
springs  but  &  gim’oel  system  might  be  used, 


i'Draoion  and 


[ix)  Kvisr  be  ad  do  4 

(b)  Wenp-reli.  Sfcii  for  li-.an'jine  plana 
(<:>.)  Should  be  easy  So  uctfue  S  frsque; 
ftinrolituoe  of  vibration 


!C:y  •'.V'W 


on  l:-rol  System 


(a)  Kapreoant  friction,  inertia,  and  stretch  in.  «s 
(’t>)  Put  in  coupling  lr:  tween  piano  and  control  sir  s': 
(n)  The  oi3Cirie.tiouo  of  t, control  our faces  dna  • 
the  Inertia  of  the-  cont.vc!  surfaces?,  0.00  ton  1 
system,  aacl.  fclxe*  stretch  ir.  -the  control  cab  lac. 
felt  to  ofs  of  relatively  high  frequency  and  i: 
possibility  o'"  including  these  affoc'V?.  trl  fch  ti 
present  force  loading  equipment  van  cnet:,i;}  :r,\& 


Writ  ten  by , _  ^ 


si/  to. 


^proved:  V  . 


&iG3.mjSXBC  HCfiSS  'CO,.  ? 


Engineers  of  i'rcql  out  634ft 


1  y,  'i  invf, 


SOli 


Peter  XX  Tilton 


SUBJECT*  Additional  -Symbolic  Esquired  for  ASCA 


DASB* 


February  36*  1948 


mmSWCS?  6345  -  Report  64 


A  proliKlnary  lavsatig&tion  of  fch®  roe  or  ding  of  information  profida 
fey  the  Flight  Analyser  has  tshotm  Van  necessity  for  obtaining  records  of  nc«ra® 
quantities  pertinent  to  stability  flight  testing  which  hare  not  been  included  la 
ths  Table  of  Symbols  of  Report  64*-  These  following  auarroitisa  will  be  required 
as  outputs  from  the  computer,  and  have  been  deed  gnat  tod  fey  symbol o  oonuiotent  wit 
those  now  used  in  the  normal  stability  flight  toot  report (So®  SftOA  con-. 
fldontiel  report u  ok.  Stability  and  Control  Charset orietiae  of  14-..  17 F  SB30-1,, ' 
ar.ul  0-46  Airplanes) 


0,5,  -  Center  of  gravity  position  ca  longitudinal  (OX) 

aado,  expressed  la  percent  of  Ko an  Aerodynamic 
Chord  (#  M  „ A,  0  „ ) 


Stlolc  os?  control,  column  force 


Rudder  pedal  force 


.«  Aileron  wheel  fores 


.«•  Calibrated  air  speed,  came  a»  Air  Speed 
Mater  Reading  given  fey  Erj.,  49 


t(A\  -•  1'otsl  aileron  angle  *  equal  to  -t- 


It  will  be  noted  that  C)*G,  can  "bo  calculated  from  a  given  design 
and  hypothetical  loading  and  can  be  related  to  the  reference  point  through  the 
variable  H.-  (See  Figure  4,  Report  64), 


The  forests  exerted  on  t b.a  controls  by  the  pilot  ehotv.d  be  mcneu.rad 


the.  control  a  by  strain  gager  and  should  be  converted  to  binary  utaaberafor  record 


The  last  threo  quest! tie &  defined  represent  nothing  r.av;,.  but  ar» 
merely  supplied  with  suitable  symbols  for  convenience.. 


Aoprovads 


vr 


yDTshao 


uava  oi  /.vapor i/ :  jut-won  -■ ,  asw  *  ■** 

Written  i>,ys  S„  H.=  i)odd 

Subject  a  Constants  and  curve  a  for  a  Twin  iingine.  Airplane  (c« 

Model  A)  for  Analyser  Equations » 


The  Information  in  thin  report  wan  supplied  by  the 
in  January  X946  a«  a.  typical  aircraft  analyser  pre  olein.  Who  function.^  and. 
constants  are  for  the  moat  part,  defined  in  Report  64 „ 

'ihe  following  constant  a  aro  listed  for  reference 


I  moment  of  inertia  coefficient  OX  axis 


,0155 


ii  ii  a 


UY  tucis 


,0140 


it  tt 


-  OZ  a-: is 


airplane  weight;  (cruise  condition.) 
airplane  maoa 
wing  area 


wing  span 


,0595 

/  60,550  ].l)Sv 
•/'  h.li'O  filtlgfl 
/  7.400  sq.»  ft 


13.4  ft. 


mean  aerodynamic  chord  £>?3  a'. 

distance  from  fuselage  centerline  to  aacollo  centerline  s  IP,*?  it, 

distance  from  reference  point  to  o.g«  along  OX  >y  Q 

distance  from  reference  point  to  point,  of  main  wheel 

contact  along  OX  Yh  *"3  *t, 

distance  from  reference  point  be  Ccg.  along  G5J  (  x  C; 

distance  from  reference  point  to  point  of  main  wheal 

contact  along  OK  3,5 

di stance  from  reference  point  to  e-go  along  0?  x  0 

main  wheel  tread  .  ^c-'3  •'• ' 

ground  coefficient  of  friction  *  ‘t-  -O5 

engine  displacement  011  •> 


,/n  3  f  t . 


/  51c  5  i*. 


y  4560  Biw  in 


propeller  diniaa to r 


gvax  jifl  angle 


head lag 

Increase'  in  ground  coefficient  of  friction  due  oo 
braking 

0  v  j  y\  9x\  yi'ors  5  if}  raouont  of  inertia  oi  one 

-■  “  p  -----  p 


propeller 

l  =-  m  K  ; 
p  V  P 


m.  (s^)a 

323 


Increase  in  elevator  contribution  to  0^  Aua  to  po'-rer 
from  engines  2  and  3 

C  (  from  fully  deflected  cowl  flaps  -  engine  i 


G  " 

~  JJ 

-  G  11 

--  y 

..  C,  H 

^  .1) 


is  ii 


engine  2 


ii  "  -  engine  3 


«  11  -  engine  4 


^  0  from  fully  deflected  landing  gear 

<u» 

^  c  from  fully  deflected  bomb  bay  door 
X)  , 


0/.5 


1435  slug  i 


,  n 

»/■  <5  o  » 


0 ,000 


*•  0,005 


/  0,025 

/  0,012 


&  0-n 


.0,1’  •' 
c3 


at  6 


d  y  change  In  basic  Bias  ior 


force  glopo  tvitn  -"-i  -O.OOOx 


^  - 


A  V 


change  in 


basic  aide  force  elope  with  -v-  i  0 


i»  rudder  contribution  to  <‘w  clvo  to  povjc  r 

I'rcin  ongiro  2 

f  ii  i 

Lncroaee  In  redder  contribution  t.o  0W  &u«  to  vom  v 
from  suirIm  -3 

* 

.  Q 

<J:  C 

.  xKl _ 

rji  » 

,/ 

o 

cx 

,  / 

0 

o.  i1 

C4 

v  0 

Dl 

(  V 

-0,001 

>  t  Kti 

i>,0 

m 

■cZ\ 

-0,001 

rl^.  l*/  A- 

/.I 

\ 

li  0 
.  Vli 

-0,001 

rv,  .>/  A  . 

ii  . 

, .  C  from  fully  deflected  cowl .  flaps  -  engine  3. 
m 

* 

K 

0 

o  11  "  "  11  "  -  engine  2 

m 

0,005 

o  a  11  11  *'  “••  engine  3 

~  m 

0-005 

/  .  C  11  i!  i!  11  ;I  -  wugtnff  <'}■. 

a 

0 

-  o  from  fully  deflected  landing  gear 

m 

/ 

*✓ 

-0. 015 

Q 

,,-\0  from  fully  Aafloctad  tomb  bay  door  a  at  ■"  0 

"  M 

/ 

r 

-0 ,0X0 

AC 

/ 

M  from  fully  deflected  bomb  bay  door  a 

+0 . 001 

X  cent; t .  rt.vjj 


t  :• 


-t 


ii) 


/• 

i 


y 


.)  ')  X%  ■  • 


6) 


J  ir.'c*  } 


0 


*ca  •  V..’  L CM 


.  ;•  :  5  r 


-  a  iiiVt 


•  t;  r- « 


..i  : 


)»  R'< 


iwv  »jf  uiiUiSJ  •••:•»  GwHiXiuKo  ;*-;k  *.« 


UMHSUttt 

I 

•  (h’OfiB  Voight 

CT 

L 

Velocity 

i 

T 

o 

<5-- 

J  V 


/  A, 


1  okO  423:“  -Migiu's)  i- .t  IS'JJJB  JEHi  et  3  0ti’()0  v'i 

'  60,350  1’ia- 
0-6 

i  *  * 

SXG  K3ft 

.035 

6V 

w  t*«;j  * 


O' 


A, 


it 


J  K 

,/K 


0" 


0 


0 


•J 

.s3 

;> 


i 


rd 


it£ si?  o.?  iaari'.Hg  iTKftyeiuas 

f . ,  -  1'honci  tonne-  Ji::e  f.  o v  tb«  r^ovraid  rua  only 


■f 

'30 


vhra  i 


14 


‘hs'.n  tucctlfms  deceribc  tha  control 
suj'.i'aoe  hi.n&o  liiornen.  1:  laoclnLti  and  fct.vo  not 
been  o.otorradued  t;s  o 


r 

'GO 


\ 


] 

) 

! 

/ 


t 
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l-hemr.  fuytcfcianu 
yfi  3*1  orKXJico  ?i;d 

Ihe  t  ype  ej^tine 
;lA"  !.r  the  liarir 


deec.v.Vbt:  t>iij  er.gin'j 
will  be  :Co  r 

utsod  on  the  itirplwio 
Jfavu;oi> , 


w 


*  i  :  r.;  J!». 


Jc 


■•Cl 


tjs*  fol3.cv2ng  Jkri.v\ng  ivvabfcra  of  sum5. 
Citfld  fo*1  rofareaea ..  ‘"ho  o::A;;;S.rwu.  grv.pht 
rftmsAi  ,u>d  ootsI«?b  c;  -Jr  Iw  o'j  tsiAnort  he  racj: 


:>  far  I  &  jilt:*)*)  .-.w;.' 
'*;«>  li  Mu-  j.»r  lat  I'.V 

IrnHl. 


ffmc  tloa  Jtjmbji.-f 


*f\  (* 


*  *  C  ?  / 


i&alSsa:  a 


B  -  33C00-C- 
B  ~  33{  Ob-# 
B  ...  33(03-0 


ft*  (6)  . .  -A  —  33C  O.3-G 

. ' . . .  A  -  33004-0- 

-£y(c* ,  *m  Tl) . . . . .  . A  <r  S3C05-C- 

. * . •**  A  -  JMC05-C>-1 

f*  (S') . A  -  33C07-G- 

-fv  * . . . .  B  ~  33(03-0- 

. ;. . .  . . B  -  33CCW-0- 

•fg  (ckO'T'-'rO  . V,,A  “  SSCJ.O-G- 

(^)  ^  1 .....  ...in..*».«B  .■  S^CH.—O 

fn  (SR') . A  30C13-G- 


'c-a-V2^ 


A  -  33(30-0- 
A  ••  33C40-G- 
A  -  33C-U-C- 

A  -  38C43-C- 

A  -  33(43-0- 
A  -  33C44-G- 
A  —  33C4;j~t;- 


•^(«JT4’-a7‘ 


A  -  33C4O.-0- 

A  -  23C47-G- 


•IT.  •»■ 


eitiUY 


t>>(:> 


,?t~ 


I 


€S» 


Raj  or  i  .’i»  H-  103 


skitokwhak):  aiw  ubc&asobx 

>’.acafachteK»t>tG  Institute  of  tocbuoi  >*j 
0<uab'fld£f.,r,  W&»»cctaa.ftSf1;  *  n 


i  m 


oi  Ss  per  t. 
SusJ ec V 

Written  "by 


July  35,  1945 

i>Ucut'.aimi  of  SWicstions.  in  Aircraf  t 
Equations'  of  E-6V----.1.  end  1U98,  by 
/trolly nsBiio  a  tfrevp.. 

Harriet  Palms  a  to  ot: 


P®ga  of  '31}  #aq&2 
?able«;  X  -  12 


IHiouasiioar  to  aatdyeie  h*a  boon  -naio  of  the  function*  «|>pe  wring  in  ifcm. 

slmrcift  equation i)  of  Roporta  fioa  B-t>£  &E.A  R-98,  \o  c-btoln  e-a.  snt'laa<<o 
of  ?,ho  storage  upao#  end  interpolation  tins  noce.ikary  far  an  adequate 
representation  of  the  variable  coefficients  la  t.'vtss  f-quations,  and  t« 
point  out  tho  fdguificonce  of  s;caw  of  the  functions  follows: 

,  1  •=  Range  end  accuracy  of  tho  {must lo up 

Z  -  .Tuactionq  for  wuiph  data  Is  a;  pretest 

siouiawhat  meeger  "out  will  at  sumo  tJra-s  he  aovo 
conplwto 

Z  -  fluuofciono  fer  which  aora  data  will  ba 

euppl'isd  for  tho  airplane  non  u.ador  study  ' 

.<  -  Relative  luportaao*  of  3<irfeein  functions 

for  thia  particular  airplane  and  for  airpl autse 
in  general 

6  -  Enquired  accuracy  of  rcpreoenltfcioo  or 
interpolation 

fuiotion*  1  tlv.-cjugh  ?4V  which  appear  ii*  the  equations  of 
iwfclou.  h&vo  bear,  strut*-.*  >.a  detail  aid  the  oaticietoo  for  the-jo  arts 
roanoaibly  seen  rat  a  though  still  *.  object  to  rovinion,  .'Amotion*  38  t-wrotigh 
5-ht  which  are  lavolvod  in  the  bingo  mraeat  cqnoti cm  a.  eve  not  yets  as  well 
eutahluhsd  and  fcha  storage  required  for  tfcoae  hue  boar,  estimated  to  a 
lessor  degree  of  accuracy,  It  will  ce  noted  that  tae  auuibsr  of  variable:* 
involved  in  some  of  the  bo  latter  fuaosiona  has  been  radussd  froa  tha  f'cr» 
in  which  they  appear  in  3-R4,  Bovielou  XT  to  what  Jh»y  ’rill  ho  in.  a  forth¬ 
coming  revision  3,  Bou^h  estimates  hitve  boon  a  vie  for,  :toM»tions  56 
through  56,  aeasrmt®  soginou,  inutnuoantj  niid  mi  eoailanoou*  effect  a  3fo 
estimates  are  yet  available  for  f  through  f.  which  art  rimottoos  «f  3  ax  3 
variables  in  tho  ground  tamo,  .  .  , 

I  t' 

Included  herein  la  a  drawing  Hot  cf  all  slvucticno,.  bokiu  of 
which  have  bo*m  recently  rariead*  «tt&  all  onglnecrs  ora  argeli.  to  6iuau'..t.s> 
tiMdr  fileo  fer  obsolete  prints. 
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out  by  tho  intorpolatar,  X ti  may  oo  possible  to  duviso  looanc  ‘by  uldoh 
this!  can  bo  done,  Xf  }.t  3,0  act  fe&cibl®  or  deaSrablia,  the  Halted  “;s.v£ 
of  the  variables  will  h;wa  to  be  attended  for  each  ftaiioiloa ■  to  is.o'i,®la 
the  'masissaa  rang®  of  that  variable  appearing'  aajvhsre  :, a  the  coapu**  3:.’ ., 
sad  additional  ttorng©  sad  l&fcsrpoX&tlon  T>ro*d&«>fl  aooo^U&i&y*  Xr  tiup 


report  th®  ausjhar  os’  intervale  "ia  atatsd  to  iacihvX®  o.’Cy  th»  lifl&tg-l 


raag©  of  the  variable  for  which  it  dew  and  a  signs  £.*..«  asr*  at  4  ■rwjlv.p  v.?J 
of  th®  function..  Wmn  a  fnr>otto&  is  dymnotrlcal  about  at  o^ia,  if,  ;l : 
assumed  that  the  oostputer  om  tatorjiol&t©  for  ©Sther  positive  or  ivj,®;*?. 
values*  sad  function  *»tore&9  will  be  required  for  oal.y  o»e  -hnlf  of 
total  rang® .-.  taanles  of  this  are  5',,,  « 


ZfollawlLng  a  detailed  di,  nouasion.  of  matiy  of  tho  ths 

required  storage  is  tabul&ta’d  a© 


ffablft . l.~  Kotlo n  -  Qppa  -tlte-  each  fuactiou 

atmbsr  la  the  .first  eoluwa  1®  rivsa  the  auabar  of  points  to  ho  stort'S, 
for  it  ia  a  column  appropriate  to  t-iae  ausber  of  variable©  In  that 
function  •.  rfho  total©  ©how  fch©  mount  of  atarog©  ttseessary  for  all 
functions  of  different  number©  of  y sari  able®  and  also  th®  &to i*ag,6>  ha&bwr 
of.  points  per  function  .for  function©  of  different  auacborg  of  varlc&bXon,, 
®he  total,  mvjabor  of  points  noosssary  for  the  ftmcviosn  is  tho  ecjUfttionc: 
of  wot  ion  is  appro  xlssately  4000, 


, M.'-.JAI  -  glv©  the  asm'll  for  the  hinge  moaisat a  and  fovtii©  co-ga  nGi 
iastreseoat  ard  aiswollnncotts  faastiou®  h'he  total  storage  rJuuin-Kl  :faj 
?.*  XX,  and  HI,  together  in  03*30  point  a . 


fable •  X ?  *>  shows  isho  rolatlv#  interpolation  tine  repaired  &„•  tfc©  {group 
of  ftasctioao  is  X*  H„  esd  Ha,  &cd  for  all .  the  functions  of  various 
ataobers  of  vsriabloe,  Sh®  tl»&  lor  onf  linear  iancjfpiv.ation  ia  &  gtugj: 


fe 

; 


?  .V  .  *  ■•  • 


f.v  -...'V  i.’-.':.'!..  n  ’•■Li  JT.iFusa.K-l'—'Vi » U*UVv  « 


3«D0'.\  •  •  ■'.?  X.  - 1.03 


ve.ris.olo  :ls&  taken  an  I  aid  the  vsl.a4-.4vt3  Interpol atS  oa  iim©  far 
function®  o :t  3.,,  3„  mid  ■%  variable*-  is  i&  Mw  ratio  l,  5,  ‘«7,;  lf< 


Sa  -tfe®  above^jssutloii-od  tR'clec*  .the, largest  psxsdssible  in™ 
orcnanta  of  each  variable  have-  been  tassel  la  each  ^safi'Hoao  for  purple©* 
af  program  ©itaalifioatioja#  it*  stay  be  do  cd  ruble  <;«■  use  tfa®  gaalloet 
reasonable  jamber  of  different  Inerawaatra  of  apar ticu.Xar  variable*  'Pji© 
cost  in  storage  of  mailing  tLacrmtx&t®  of  a  variable  b&to  coned  ©tent  d-t™ 
ponds  no  4  only  on  the  number  of  points  already  titorsi  for  a  fimctioa.  is 
which  the  variable  appears,,  but,  also  oa  the  susaber  of  variables  t^jos-.o 
iaoretaanfcs  it  is  desired  So  chaog©  which  appoas*  la  the  faact.Loa,.  Th^r^ 
or©  passible  combinations  too  ausnerotia  for  evoltiatios.,, 


'gabl.e,  ¥  «  lists  th®  cast  in  storage  of  possible  redactions  ia  the  aivsbe? 
of  incromeate  of  8  of  the  variables  in  th©  ©qwfeiono  of  motion  on  -»•&© 
a®  swaption  that  mi  single  redaction  should  be  mdo  which  of  Itself  s,4uo 
over  150  points  to  the  total  storage,,  S!M®  ban  not  included  the  Mn/ja 
ffiomoat  functions.. 


-  arc  a  detailed  breakdown  of  the  sob® arias  :t:n  fables  Xv 
H,  and  show  the  variables  in  each  function*  their  total  and  limit  ad 
range*  the  required  intervals  for  each  variable,  their  increments  aai 
the  storage  required  for  each  function* 


Detailed  Disoasoioa  of  functions?. 


f.t  (c>^ ,  oS',  is?1  )  is  the  large ot  torsi  in  Q,,,,  the  lift 

**  *•»**  i»  ■ 


v3+3 

*ar-*.oi*  M.<Mtninnn.*i«i>irrJu>win«rr,iR.Tiia:ii::'.faa 

coefficient  measured  along  body  asses-.  It  will  be  *r®pro3eat»©.;l  for  4 

.-.r  _ A  /£•  _ 'A.. . -r  /.v. . ..  .  a  A-  #Ti.f 


valuaa  of  flap  angle*  6 It  and  6  value©  of  thrust  coefficient  S" 

*.  rt* 


C.t  »  X.f 

Along  <=*  it.  way  bo  adequately  roprestmtad  by  30'  lino  at  iat^rvala.  It 
important  that  0^  be  rather  closely  given c  Moat  of  the  cujvm  sx 

m  fi*»v 


»©«  9a0u.gJ.-i  straight,  lines  to  ba  ropreaaatod  as  such-  She  stall  angl®, 

— ■ ^  an«  <srs  C\  ..  *a  ■*  a  ..  .  ■«  «  a  ,  -  «  . 


'w  '  - -  ^  •--A.**  wiv*  u.  “/t.Aihia  y, 

CA  0-  oorre’spoadiftg  to  will  be  coatlimoueiy  coasputad®  A  straight 

nutj'sr 


line  raproaontatloa  la  o.ne  interval  ««a  be  carried  to  ooiss  pniateJx'1  . 

•  ©  ■ 


either  cA  '  »  -  const  ant)  or  ■'  c?  M 

4  ®  fS  [ 


ff,  5?"  ) ... 


Beyond  this*  we  mat  use  a  curve,  either 


°Z  58  oy  cz“0z  , 

ft  «A  ' 


'  "!•  f(ot  ci'F,  T'" 


Beyond  cA  >,  the  value  0  is  not  oritical  ex*,  will  probably  bo  chows  ?>u 

t-£ 


drop  off  to  soma  value  of  cA  and  e.  ccmot.&nt.  tharaaftar,  .  cbovo 
alternate®  are  open  for  diacasnion.  She  ecuawary  of  storage  aesnsiopj  SC 
linear  Intervals  in  <sl  =>  Data  will  bo  supplied  fe?  o  F  •  -  0(  (  ig>- 


:<  fv.-j 


i  to..  S  3,03 


?o(  d  )  is  libs  effect  s»2  yaw  ehgls  {)  ok  bh«-  lift  <vo©71'ioie,o$ 


:3,,„  nad  is  a  faster  by  which  :ii(  is  mHipllsd.  It-  v’..U  a  a  the  ffukuxo  ->o 


nvaacured  to  :!.;  and  ©etlmabed  bo  +  40'5,  It  i®  oy^jerlrlosJ.  about  S  ■■■■  (■> 
Bbtws-on  S0°  and  40°  it;  ®t\y  bo  a.  conntsMit  or  a.  continuation  of  feho  curvJj.. 


Being  a  function  off  only  1  variable,,  it  is  prcbt&ly^  cheaper  to  uo-s 
additional  points  than  bo  program  a  coast  ant  for  <f  >31"'  .  Tho  swras'iary 
ohotfs  interval b  for  on©  side  only,. 


i  {  c£  *»)  s,a  the  effect  of  ©levator  angle  on  Wo©  Haw 

„£ - -  o  o 

■.aterpolatloa  with  5  intdrwssln  from  -30  to  ■,■  20  , 


f  (c\*  a  5  gives  th©  affect  of  Hach  Nunber  on  0^,  Mach  ibnaboj' 
Jk _ „ — '  .  ....  _  . 


is  th®  ratio  of  airplane  velocity  to  the  velocity  of  sound.,  -ha  folio  id  si.,; 
general  ramaxdcn  apply  also  to  the  other  .'lack,  Busobor  furxvivicna  m'.i4  •■i£< 

fPho  curves  supplied  do  not  represent  data  for  this  airplane  bu'ii  aro  I  a  ~ 
eluded  to  show  the  general  form- off  th©  curves,  Obviously  th©  fast  or  to.® 
airplane,  th©  more  Important  they  bocosts*  Although  they  are  not  ■i.niporbajv 
for  this  airplane  except  5. a  a  dive,  w©  ®x©t  ha  prepared  to  fcanllo  them  in 
the  future,  'ffho  higher  the  angle  off  attack  the  lower  the  maximum  Kaoh  , 
jjasbe?  it  will  b©  possible  to  attain,  The  functions  a©  plotted  shop  some 
laDoaoibl©  or  unlikely  regions,  It  1©  provable  that  the  computation  off 


•UHUVNVA'VAV  W  .1  *•>  —  •*>  —VU*.  '  ’  -V  *  ~ 

ra  ‘in  equation  80  will  avoid  ambiguity  bat  consideration  should  b©  given 
,u 


to  the  possibility  off  farther  limitation  being  necessary  for  transient 
conditional  Bfer  any  airplane  we  may  limit  in  :!^  frea  -  4  bo  ->  8'  sad 


m  from  0  to  v8*  With  present  knowledge  off  w«  may  use  8  limar 


Intervals  in.  c*>  and  8  in  ®  .  Whoa  and  iff  data,  becomes  more  acoorat©  if 


might;  bo  desirable  to  tieo  parabolic  interpolation  for  c-v‘  with  3  intervals.1 
This  probably  need  not  b©  considered  at  present.  3br  this  cArplan©  ths 

.  '  ..  .  ..  .  r.'j  ...  .  . 


BJWdasm  ja  will  be  approximately  »(>  at.  o\  «  0„  and  for  o\  «?  4'* ,,  'tfif.X 


have  ®.  negligible  value.-. 


ffg  (<s4~  „  cT 3?)  i»  the  largest  term  in  the  dreg  coefficient  0 


icacured  along  body  asses..  It  io  shown  in  Drawing  B-38003-&-2  which  in 


quits  different  from  0^,  'the  drug  coefficient  along  wind  axes,.  Drawing 


A»3S006»e-lo  It  will  be  repreoentect  for  4  valtiaa  off  flap  uagl© .  4 
gad  Intervals  in  from  ~4  to  +  16  ,  It  will  bo  neosK-aary  m  in  i-  to 


assign  some  sort  of  drop  off  for  oC.  r  ,  although  tbo  el', ups  off  tho 
function  in  the  isnmsdiate  vicinity  off  ed,°  i»  1©0£?  critical  tJ.u-u  In  ff,  . 


Data  will  b©  ovppl' 


Bvaplied  for  S'3  ~=  0r  15°,  S°(  45°. 


6J5-ftS 

.Report  So,  E»‘X03 

£  (  U  )'  5,0  ttoo  oas.tvibat.ioa.  of  ym  engl<o,  \>  »  to  the  hr  eg 

W  J 

ooofflei m\%„  0.  „  Xt  is,  as  import aat  t<*««  for  which  additional  lata  will 

•*){.  supplied  to  1  40°  -  At  is  eyswNatrle&l  about  ^  «  0,  Oao  aids  am  "os- 
retpraaeabed  by  8  linear  Aat^rvi&X©.-, 

£„(  £  It,  Ci  )  5.13  tho  contribution  of.  rudder  deflection  «§  B  to 

■*  vnnniniH>«MniiMWti.«t^>a<<  a?  V?  -  „  .  m  .3 

iho  drag  oooiflciaat  0  for  various  yaw  angles ,  b  <■  «©  »Ha  ws©  4 

Vfilua®  of  ))  either  al&o  of  b  »  0  and  6  inter-? al s  of  O  ,V.  sox*  v;y 
fc,XX  travel  of  -30°  to  <•  20°,  Curves  are  drawn  for  negative  yaw  migjls© . 
c£h©re  la  a  similar  fa.w5.ly,  ay, metrical  with  the si© ,,  about  rS  ":  0  for 
positive  yaw  angioa«  Storage  is  latUoat»d  for  cal;/  negative  yaw  saiga  or,, 
and  a  program  is  asswsod  to  fc.*ka  account  <tf.  poaitivo  yaw  aaglc-o.. 


£g(  <5  E,  -aC  )  in  tfca  contribution  of  th®  elevator  angle  £  E  t3 

the  drag  coTf'Ffic^ut  ’ir  for  S  vain.® a  of  angle  cf  sttaotr#  c*>  »  Owvec. 

will  ba  added  .fore*.  «V,'8°}  IS0.,  Mean©  mat  bo. provided  by  which  tfcr. 
interpolator  will  supply  vain® s  such  that  for  <>'-•  >“  18  fg  is  ,15ao  ©iato 

as  for  °A  #»  16°  and  for  c*,<*2L  0,  iQ  is  the  saw©  as  fnr^t  «  0„  •  fteo 

total.,  ©levator  travel  *  <5  JS’sisy  b©  sropreoented  by  10  liaotcr  or  6 
parabolic  intervals.. 


oi  f,  ra  )  iB  t,ha  effect  of  Mach  Ecabsr  on  0  .(Sacj  remarks. 

V  M  X 

under  smat  bo  included  for  this  airplane,  cA  oao  be  limited 

4t  , 

from  -4°.  to  8°  and  uso  IS  interval.®  for  linear-  interpolation  or  C  £<u- 
parabolic ,  Sh®  interpolation  for  ®  say  b©  in  4.  latorvala  provided 
that  w&  da  limited  from  „4  to  ,S  and  that  as,  order.?  lg  itidUrdod  so  that  . 

for  all  cA  „  ff„  »  0  whoa  <st  „4„  Otherwise  storage  for  »B  ®»st  b® 

gr eat ly  iacr ease d  :■ 


t,n{  )  is  th©  wain,  term  in  the,  side  force  coefficient 

A'A  Up-\-'i 

C  read  io  lamri.ir’TT'&m  revision,  Drnvfias  3~380n=G~X,  for  6  vales.® 
y  ■ 

fl' 

of  9J*  between  which  linear  interpolation  aoy  ha  used.  Soto  that  the 
°2+3  , 

curve  a  are  not  ay® saetric&L  about  b  »  0„  SwoUf®  linear  intejrvele  will  bo 
ucffld  fro®  $  «  •“  SO’  to  ^  a  '-)•  30°  tx ad  either  pregrae  the  valwa  of  2:’.^. 

at  H  «  £  40°  to  be  ths  aamo  a®  K  •-  &  30°  or  aytr anoint©  tfeu  data  and 
add  additional  points.. 


rp  v  xt>  oa.o  ex* sots  ox  a»g.ui?  '-•■■  ••«•  yn  ■  :v»*.  .*> 

Sores  coojfficiaat  0  ■  1%  i»  f5.y®30trioel  about  d  S  **•  0,  fete  o;? 

..  y 

^  4*1  piping  +  30° :,  2t  is  •fspreisoafeed  on  «a©  l4<1®  "fcy  -5  iabW'TiU-.. 


n(  ~'d  t  c!)  -•' j  htif>  **  )  is  fete  m&s  i/'4oiji’t.ftrj,i;  fcos'sn  3.  a 

‘W-’  ‘SVtr.C 


0 

syoad  =  IS  a 
irvatlvoly,  m  sh 

O ^  ...  _/.  ..  -1  A 


a  vepr 

oas&tsd 

!?*.  OK* 

/•*  <{ 

,  o£  vil 

X  b 

<y '  j»S3f  •!!', 

o ,,,.,. 

” 

jfr  *  -\J 

1333,  -«4' 

ft»d  •(*  X 

or ,. 

SCilHi 

;.j  fete 

flsact  b>; 

d»  V 

fes'smfe  sRW.t 

5>.!3.VO 

fall 

of 

f  rizi’oifc’vy 

©fich 

Go  i:: 

^ . 

rraior 

■,  £  B 

from  -3C11  to 

/ 'X  Oil ,. 

Sho  po  «oS. 

umr 

i;.i'.o.r&i' 

loj;»  wad 

©ff 

'ovrbt)  ulT  I 

if  XSS<i 

r  point,  a 

bo 

i!iO  vto  y.'  Ji  A 

’  :U'jpo  t 

■feaat  funoiifi. 

on  ia 

iuS.cs  o 

coaot  b®  fee 

X orated- 

Xt'o;c«nfe 

i.y.i  fetes 

«a  bbs 

i  ih’&wS. 

as  A«380 

^Srtl (*•  X  X' a i --i 

.1580-46- 

4,.  ,1'ha 

X'SV 

4  sod  f .. ,.., 

»  vi 

:ls  aow  usaltlpliod  "by  (X  4-  K. , ).  §b®  1 fails  <aro  (X11  -  S?"  •  )  trow. 

il*  0-  o„ 

•v  <i» 

».,g  Do  “l"  ,5  and  i%  %&  m%  syssuabs'iQaX.,  Eaproeent  by  6  lim&?  int&rysti. & 

„  e  v  ,  v 

xX‘?i  *•’  5  c"5'  1  'i3  $&»  -affsct  of  yaw  »»  pibfcMag  aoamt 

©oeJfSLCteat  0  »  Sta®  XI  Ed 'in  arc  --4  Do  *:■'  XS'1  «5,v.aa  by  3  .  Xiaoiax'  ;i  a.- 

,r  £0 

■feenrals..  6  feoss  "40*  fco-,;*40’>  is  gysEustxleal  «&oub  $  «©  .sM  s©px*©« 
suat&d  by  5  Xlaoar  iata?valn  qxl  oarjja  aid®. 


^1S>^  ^  ^  ^  tb®  effect  of  raldar  augJa,  6  Rs  o»  fell,© 


«I*  »  WK'HWW  V  ■«•»  «  T,/  w>»  «*•■► 

Ml  travel  of  +  30° » 
bp  supplied  fox*  $  *»  © 


?  l>  u  H,*  'ovc>o 

; » 

e  rj f  oil  foa*  It® 
jraw  ©Egleji  -Slid  yUX 

'  '’fei 

Asl 

ij 

a  sisaXX&r  s?rsailyr 

,k>| 

r; 

1 

wwiHrwaBMjSKOTfi&aKiteJHHSJmaWllsSEfciaaCffldSfcS^^ 


8  £43 
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A 
U  l 


;  •satirical  with  fchea©  chon")  &  8  »  0  to 
Indicated  for  only  negative  yaw  avgle 
>;■£  account  of  positive  yaw  aag3.au , 


po&itiv®  ya-i' 
ana  3j4>>.vj£?.-ess 


CtUglO  E  -.-  StOl’Stld 
if?  &««'•'&*&  to 


'Afe 


m  )  is  tho  affect  of  Mach  Humber  ou  pi  telling  moment 


Q  ,.{Sao  roasutee  under  ??,.),  c*»  can  b®  limit  ad  froa  0  to  ®  requiring  8 

Hi  4 

intervale  for  linear  i&terpolatioh  or  4  for  parabolic,  a  can  be  Halted 
fmi  .8  to  -8,  using  4  Know  interval®  provided  gsi  order  Is  included  so 


that  for  ell  CH  ,  £, 


0  when  ®  <  .8  otherwise  storage  for 


18  ''  . . "a"'  -  a 

iaoreaaod.  Model  A  l«  a  alow  enough  airplau©  so  that  tf. 


sm«t  tv; 


lb 


nefliiSibla,, 


is  the  ground  affect,  that  Is  the  effect  on  the  pitching 
moment  C*  of  ©ros&iaity  to  the  ground..  It®  limit  a  are  0  to  ISO  foot  anti 

ill  ..... 

it  rosy  be  represented  'by  8  pnrabolio  or  6  linear  intervals,,  • 


f-j^  b  8  cA"  ^  1®  th®  ’part  of  the  yawing  moment  coefficient 


C  clue  to  angle  of  yaw  1>  ,  for  various  -  flap  angLea,  £>  ](?,  and  angles  of 

attack  ok-.  .  together  with  i'j ,, „  from  which  It  has  been  somewhat  arbs.tp&yl\l 

separated  to  give  3  function©  of  3  variables  each,.  :£,,,  attl  f, determine 

18  19 

a  very  l»poi*tant  characteristic  of  the  airplane,  namely,  its  stability  j,% 
yaw,  sometime  e  colled  directional  stability,  for  'this  airjjl&a©  2  latc-m 
laot  will  be  sufficient  though  more  may  be  reouired  for  other  airplanes., 

H  is  characteristic  of  many  aixpl.an.es  that  though  the  slope  of  the  •yawi.u® 
moment  carves  m«y  be  coast  ant  over  a  rather  wide  rang®  of  yaw  angles,, 
there  are  changes  in  ©lop®,  or  even  reversals  in  &om  ceooa,  in  a.  region 
vary  close  to  %  **  0.  This  change  la  slope  within  +  4°  may  give  rise  to 
characteristics  extremely  unpopular  with  pilot  a  >io  it 'must  be  carefully 
represented.  Wo  have  a  choice  of  a  simple  program  with  a  large -number  of 
intervals  or  a  more  complicated  program  jjith  less  storage.  Wo  may  ue-G  (a) 
80  Intervals  between  &  «  ~40'‘  to  5  ««  440  ,  or  (b),  SO  intervals  from 

"6  *  “40°  to  B  *  4  40°  plus  8  interval  a  between  B  !S  -4°  sad  B  »••  4-4° 

$h®  eowaary  which  specifies  368  points  for  this  function  ©spumes  the  lattes 
and  should  be  increased  to  972  if  the  former  80  intervals  are  used,, 
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Place Conference  Room  SorvomechtmlsraG  Laboratory 
Subject •  Coding  of  Aircraft  .flight  liquations 


1„  The  Problem  Studied. 

A  possible  method  of  solution  of  the  ASCA  problem  has  boon  programmed 
In  termu  of  the  code  do  scribed  below  in  order  to  got  an  o  it.tmr.te  oi  tha  amount. 

®f  Qtor-,.go  required,,  tha  number  of  operations  of  each  typo,  the  time  require  a 
to  write  out  the-  program  and  the  tiaa  required  by  the  computer  bo  comijl^te  n 
solution-  for  this  trial,  modifications  wore  mndo  to  the  equations  oi  oj'ij,  R-o.; 

as  follows: 

Ground  terms  wore  omitted  with  tho  realisation  that  their  inclusion 
would  Increase  the  amoimt  of  program  oton w;e  but  not  the  computation  tiros 
iingine  equations  were  omitted  as  being  at  the  precont  inovf ficlantly  spaclflad, 
(it  is  estimated  that  they  will  add  10/4  to  the  solution  time)*  Algebraic  trans¬ 
formations  were  mad©  in  the  flight  equations  to  better  adapt  them  to  digital 
computation  rather  than  analogy  for  which  they  were  originally  written 

The  following  mathematical  method  was  adopnsd  for  this  trial  solution: 


Available*  at  the  beginning  of  a  computation  inter-al  are  a  meajurod 
value  of  ®ach  control  position  ana  tho  computed  value  of  each  of  the  rates  and 
anp'lsa  at  the  end  of  tho  three  previouo  comuuwUortE,  Shi  aa  rates  and  .anglao 
are  then  extrapolated  for  one  time  interval  to  their  approximate  or  assumed 
values  far  use  in  the  present  computation  These  extrapolated  values  uM  c  0 
measured  control  positions  are  used  to  compute  the  quantities  walch  are  Integra. 
t,o  give  tho  true  rates  arid  angles- 


Numbered  atorago  register n  must  bo  specif ioally  assigned  in  which  nr« 
held  tho  values  of  all  -the  quantities  necessary  in  the  computation*  ctorage 

registers  are  aligned  for  the  constants  end  the  value?  oi  oach  of  the  functions. 
Live  storage  registers  ure  assigned  for  all  necssr-ary  variables  and  partial  re¬ 
sults.  The  program  is  then  written  in  terms  oi  those  register  numbers  without 
regard  to  the  value  of  iuu  quantity  awvrtd  xu  turn  regleier*  Thus  the  program  m 
written  ia  entirely  general  as  rtgai’uti  booh  tlmi  tu»u  0J  airplane*  nse 

on  the  6300  0 on slant  values  required  by  6345  K-103,  which  was  eat ln« ted  to  o<» 

3/ 4  of  tho  required  storage,,  register  iusbure  ir#s  ’--COl  U  MS2.  tho  close  at 
appropriate  pov/er  of  2,.  were  allocated-.- 
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Ho  Ope  rat  ion  Cod®  Chosen 

-ho  programming  was  carried  cut  under  the  assumption  of  a  computer 
capable  of  performing  the  operations  listed  in  the  table  be  lav.  .  5?ho  or  do  r 
used  is  a  binary  number  constating  of  4  parts: 


She  MDn  section  contains  the  cods  for  the  desired  operation  ■  The 
A,B0  C  sections  arc  usually  register  numbers  but  may  be  used  for  other  pur” 
poses ^  Where  the  letter  alone  is  given,  it  means  the  number  of  the  register* 
When  parsntho oe s  are  given  around  the  letter,  it-  means  the  number  or  order 
stored  in  -:hut  register o  The  machine  is  pro auatea  to  ua©  binary  cod©  but  all 
orders  were  written  as  decimal  numbers  for  convenience » 

i.t  is  further  assumed  that  0000  ia  the  0  position  stands  for  use  of 
the  accumulator  in  the  computer  and  meant!?  to  retain  the  result  and  add  it 
to  the  next  result o  'i’he  negative  multiplcation  and  addition  orders  are  given 
to  provide  for  accumulation  of  products  or  gums  with  varying  sign , 

The  first  3  operations  provide  the  basic  arithmetical  jirocaosja®* 
l'he  next.  5  are  largely  for  purposes  of  c&nvoniottce  while  the  last  2  allow 
tho  aiachino  to  perform  alternate  eerie  &  of  operations,,  to  look  up  information 
in  tables  and  to  perform  other  more  complicated  process© a* 


Code 

Symbol 

Operation 

Meaning 

a 

addition 

(A)  (£) 

«  (c) 

Basic  ■ 

a 

subtract  ion 

(A)  -  (£) 

«  Cc) 

vx 

multiplication 

(a)  X  lb) 

"  (c) 

Convenient 

n 

negative  multiply 

(a)  a  (B) 

-  4c) 

i 

negative  addition 

(A)  (D) 

«  4c) 

tran ©far 

U),  1.0  B  ( 
B-M  for  0 

,A+1)  t@ 
t  ime  n 

® 

shift  positive 

But  *,A)  x 

3°  in  B 

f 

shift  negative 

B  at  '»  x 

2”c  in  B 

p 

sub<-prograa 

Take  next 

V 

order  from  A 

continue  in  this  so queue© 
for  B  times,  then  return 
to  C  , 


If  1a)  >.  (B)  talcs  a-sxt 
order  from,  G- 
If  (h)  2  v.B)  continue  in 
previous  sequence  • 


c 


compare 


5  ago  6  ox.  v  pagon- 


IP" 


If 


In 


I: 


ml 


in 


m 


m 
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Code  Symbol  Op  oral  ion  Meaning 

1.  Implicit  Program  Transfer  digits  from  (A)  bo  (B) ,  th© 

(extraction  order)  first  part  of  0  determines  starting 

place  in  (a)  ,  the  second  part  the 
starting  place  in  (B)»  tho  third  part 
tho  miraber  of  digit  a  to  bo  traue** 
ferrod. 


Pur the r  Assumptions 

1»  Storage. 

It  is  assumed  that  any  v;ord  may  be  removed  from  etorage  at  any 
time .  It  1b  not  neoasoary  to  order  erasing.  This  lends  to  such  requirements 
as  taking  2  numbers  from  KST  and  storing  the  result  on  n  3rd  lino  of  tho  same 
tube  j  This  would  require  4  sweeps  of  the  tube  including  erasing.  Since  there 
are  only  2  word  lengths  per  operation.,,  this  can.no t  keep  up. 

2o  Negative  numbers  may  be  handled.-  It  1b  not  necessary  to  say 
how  but  it  will  probably  b®  by  the  use  of  complsments.. 


3»  Division,  aquare  rooting,  generation  of  logarithms,  trigonometric- 
functions,  etc.,  will  not  bo  built  in  but  will  b©  programmed  ufllag  iterative 
processes,  stored  tables  or  series. 


II  J.  Kxample 


An  example  using  this  code  was  given.  She  example  chosen  w&a  linear 
interpolation  in  1  variable  =  an  operation  of  frequanb  ooeur  react©  in  the  AS0A 
problem.  The  example  is  written  for  interpolation  in  f 3  U&)  although  the 
sample  curve  shown  boars  little  re semblance  to  tho  actual  function. 
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Ho  cult 
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Difference 
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Variable 


She  following  inf ©rRiation  is  ala©  etorscU 

Batio  \  la  stsoi-ed  in  register  1753 

Starting  register  Mo  -  stored  in  regn  1753 
>5B  Is  stoned  in  register  7801 

She  sub-program  is  stored  in  reg-  SOlff 

The  pert  ini  results  may  he  stored  in  -'7848 
Shf  je  registers  are  l  7894 

ttoitaally  empty  j  7095 

or  (.7896 


S  JB=  0 

* 

:J  ' 

.  3° 

16° 

24° 

30® 

Register  No„ 

1746 

1747 

1746 

1749 

1750 

1?51 

SS  x£  0 

3. 

2 

3 

4 

5 

x  »  1746 

b 

1717 

1748 

1749 

1750 

1761 

Shio  information  la  sufficient  for  performing  Interpolation  is?,  the 


function- 


A  program  was  then  written  £&r  this  interpolation.  a»  an  example  liaing 
the  previously  mentioned  code „  She  fallowing  fora  was  used; 


Order 

Ho  D  i 

A 

B 

0 

0228 

m 

7801 

1752 

7848 

First  normalising  step  Multiplies  by  ratio 
stared  in  1752  (in  this  case  ) 

fO 

0229 

n 

7848 

1733 

7894 

Second  normalising  stop..  Add  zero  register 
position-  (.Register  nunbor  holding  the  value 
of  tho  function  for  which  the  argument  is 
zero  -  here  1746)  Ho cult  is  in  register  7894  • 

0230 

P 

0901 

0005 

0321 

Sub-program  order «  This  order  ip.  not  necessary 

for  the  interpolation,  but  allawe  using  a 
single  set  of  sub-program  Interpolation  order o 
for  &  number  of  different  int3rpolationo.>  SJie 
order  says  to  take  the  next  5  orders  from  tte 
sequence  beginning  with  0901  and  then  to 
return  to  order  No..  0201, 

0231  t  7894  7048  0001  This  order  transfers  the  result  of  the  inter¬ 

polation  from  register  7894  to  register  7048 
so  that  7834  may  ba  available  tsr  other  la- 
tsrpolatioaso 

0901  i  7894  0902  1204  'X'his  la  the  first  order  in  the  sub-program,! 

She  desired  .register  position,  holding  the  value 
if  funct  Ion  at  the  beginning  of  the  Interval 
in  question  has  been  computed  and  liras  in  regis¬ 
ter  7834,,  The  first  4  digits  (the  register  num¬ 
ber)  are  transferred  to  the  A  section  of  erd-ar 
0902  by  order «  ”;i#i  digits  regaining  in 

i  7894  are  the  increment  in  the  argument  - 

090:2  t  blanK  7835  0002  She  blank  has  been  filled  with  the  desired 

register  number  by  the  previous  order <  The 
value  of  the  function  in  this  and  the  next 
register  are  hers  transferred  to  registers 
7895  and  7896, 

0303  sp  7895  7635  7896  'i'ho  fir  at  difference  Is  taken  and  stored  in 

7696  since  tho  sec end  value  of  the  function 
io  no  longer  needed a 

0904  n  7836  7894  7896  The  difference  is  multiplied  by  the  increment 

in  tho  argument. ,i  The  resulting  increment  in 
the  function  is  stored  in  7896  since  tho  first 
difference  is  no  longer  needed,. 


B 


G 


Conference  Matas  G-15 


Order  IJn  =.  B  A 


0905 


a  7896  7895  7894 


The  increment  in  the  function  in  added  to  ihu 
value  of  the  function  at  the  beginning  of  5h® 
interval o  The  result  io  stored  in  7894,:  !?h© 

program  control  now  returns  t®  the  main  program 
where  the  result  spy  be  used  Immediately  or 
transferred  to  non® . other  storage  register. 


It  will  be  noted  that  the  oub-prograffi  will  work  for  any  function-  Big 
choice  of  the  function  and  variable  is  up  to  the  main  program  =  The  sub-prograii 
need  be  written  only  one©  and  can  be  used  at  any  time  by  inserting  an  order 
such  b.ci  Nc«  0230  in  the  main  program. 


Tha  following  table  shows  the  number  of  orders  required  for  each  typo 
of  interpolation,  l'he  table  does  not  include  an.  operation  for  transferring  the 

result. 


No »  of 

Main  Urogram 

Sub-program 

Total 

No.  of  Times  Interpolation 

Variable e 

Orders 

Orders 

Operations 

Performed  in  ASGA  Solution 

1 

3 

6 

9 

2? 

2 

9 

•  13 

24 

22 

3 

15 

29 

48 

7 

4 

23 

61 

92 

2 

The  ASGA  solution  was  carried  out  using  this  cod©  and  required  the 
following  numbers  of  operations; 

Total  1702 

Main  Program  841 

Subprogram  861 

For  the  Interpolations  1327 

For  all  other  operations  375 

Th©  number  of  operations  ef  each  kind  were; 


Mult ipl loat ions 

m 

492 

Neg»  Mult  - 

n 

18 

Additions 

& 

393 

Subtractions 

® 

192 

Transfer a 

4» 

If 

332 

Subprograms 

P 

68 

Shift 

e 

83 

Coiapar  loons 

e 

9 

Implicit  Orders 

i 

116 

ICWOIUHStW  MO.  i4-bb 
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used  to 


It  has  been  fluggee'&ad  that  tho  Wu?J.iW'.CE0  l  computer  might  ho 


solve  a  wortlon  of  the  Aircraft  Stability  and  Control  AnaJ-yaor 


problem  do  scribed,  in  the  referenced  report 


IjSc 


WHlElVJDd)  a  --All  differ  from 


jJAl/VJbW* •  %WW»***  A  wwu  A  A*  . . j-  4  n 

the  final  computer  primarily  in  the  reduced  amount  of  storage  iwcUabia  >.cr 
data  daecrlMng  the  aircraft,  for  the  program  to  ha  used  in  solving  Its 
equations  of  motion,  and  in  the  number  of  digits  o;cTied  i.vi  f):>e  computation.- 
The  latter  does  not  appear  to  he  a  seriouo  limitation*  it  is  propo sea  to 
restrict  the  solution  to  certain  parte  of  the  aircraft  motion  hut  not  w 
compromise  tho  accuracy  of  that  part  of  the  oolntion  which  ic  except 

as  to  the  lesser  amber  of  digit  a  mentioned  ebovo*  Swjh  use  ox  Vdl.ua,  «unw 
will  aoxre  to  demonstrate  the  suitability  of  tho  final  computer a  weens  of 
solving  in  real  time  for  the  motion  and  feel  of  on  alrercift  by  digital 
computation  based  on  Wind  Tunnel  data*  It  will  bo  possible  to  study  the 
affect  of  varying  length  of  computation  interval  both  on  accuracy  ox  (solution 
and  •allot'3  s  illusion  of  reals, ran* 


It  will  be  assumed  that  the  angles  of  roll  rnd  ytsw  will  be 
zero  at  all  times  as  they  might  by  m  automatic  pilot*  A,  solution  will  be 
obtained  for  tho  longitudinal  motion  including  pertinent  instrument  reading^ 
and  elevator  hinge  moments  will  be  fed  sack  to  the  centre  a  column.* 
and  leading  will  not  bo  handled;  stall  will  be  indicated  by  appropriate  in¬ 
strument  readings  and  control  forces*  There  ore  three  poBelbJ.liti.eo  for 


treating;  flepo./  one  of  which  will  be  chosen  after  a  determination  of  the  new 
storage  to  be  incorporated  in  W-l 


amount  of 


a)  I'lepo  cl  ways  retracted 


b)  Heps  cither  up  or  down  to  a  predetermined 
angle 


c*  ^ 

V/  f 


«*„ps  up  or  down,  -to  a  predetermined  angle, 
with  a  «nooth(bufc  jammer  icelly  rwauiagLesc) 
change  of  trim  between  the  two  posti/oicas* 


With  the  storage  capacity  contemplated  for  W  ,  (a)  can^oorlaisilj-  to  hauoJ.o> 
imd  it  ic  likely  that  the  solution  can  be  m  elegant  an 


Goraplata  restrictive  assumptions  made  in  tho  above  estimate 
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Oamfer 5  figs ,  Mass » 
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Date  of  Heporfc?.  ife  ferna/cy  12,  1846 


Sosas  Psychiatric  Observations  on  Cockpit  Dsrdgn 


Pr /roared  fey  a  Richmond  Holder,  M,  J).  , 

References  "factors  in  the  Design  of  Mr  Transport  Planes"  fey 
Bobs  Mofc’arlasid,  and  pernonal  ofeoerTtiiiono  and 
ooirnsr nations  with  pilots  * 

Ocmmonts  by 

Tk~°  i' arrestor i  Attached  is  on  outline' prepared  fey  Dr-.  Holder  of 
the  Massachusetts  General  Hospital  on.  facfcdro 
affecting  cockpit  design*  l>r-.  Holder  has  not 
at  to  Tap  tod  to  write  a  completed  report  feut  tc 
merely  indicate  certain  factors  which  will  need 
to  fee  studied  and  discussed  at  a  later  data* 

They  act  as  a  preliminary  guide  to  the  for /rad.  a" 

.  tloa  of  a  research  program  in  oockpl f  design* 

Ryf 

'■ 

Jay  If.  y«rrOfit<m 
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tfaomt  tmAHimi  of  rim's 


1 .  O & eervat ± on. n 


Seating  anist  be  analysed  from  two  points  of  view, 


a«  'i'ha  subjective  comfort.  of  the  pilot 
bo  i’ho  physiological  affects  on  the  pilot 


The ea  two  viewpoint  u  are  not  necessarily  interdependent.  What 
is  subjectively  comfortable  for  one  hour  way  be  very  uncomfortable 
for  ton  hours  o  it  also  my  te  very  detrimental  to  the  pilot  from 
the  physio  logical  viewpoint.  I'o  illustrate ,  Dr.  M.  iL,  Sn’.ith-*.Vetersen 
of  the  H.  (>■ <>  H„,  an  experienced  orthopedic  Burgeon,  hao  found  that 
most  pilot  seats  place  the  spins  in  a  very  'vulnerable  position.  Over 
a  long  period  such  a  position  enhances  the  risk  of  sustaining  .minimal 
fractures  which  will  ultimately  lend  to  disabling  symptoms. 


‘.the  pilots  often  feel  that  the  seats  are  improperly  built,  for 
what  the  pilots  have  to  do,  !.«•»,  from  a  functional  standpoint.  They 
also  feel  that  certain  features  might  profitably  be  added  ouch  ao 
arm  rests  and  .more  adjustability  of  each  seat  to  suit  the  perswn  using 
it. 


taeMLaas 


Since  pilot  fatigue  (both  subjective  mid  physiological, )  is  very 
closely  related  to  proper  seat  design  end  since  in  the  long  run  there 
is  danger  of  permanently  Injuring  the  pilots  by  improper  seating,  it 
would  ceem ‘highly  desirable  to  have  orthopedic;  consultants  wo  rising  on 
the  problem  along  with  psychiatrists.  In  particular  avoidance  of  & 
aoat  promoting  flexion  of  the  dorsal  and  lumbar  oping  and  extension 
of  the  cervical  spine  in  to  be  desired,  from  the  subjective  point  of 
view  the  pilot*  must  be  able  to  change  position  often  which,  of  courses 
has  a  very  beneficial  physiological  effect,  as  veil  by  promoting  cir¬ 
culatory  change s  and  avoiding  poor  tissue  oxygenation,  A®  a  corollary 
to  this  many  pilots  feel  that  one  of  the  moot  .important  parte  of  &n 
aeroplane 1  b  flight  characteristic a  is  an  ability  to  stay  on  trim  so 
that  they  can  stretch  their  legs  without  fear  of  accident. 


With  mo-re  and  more  equipment  being  added  to  the  pilot 11  s  parachute 
such  an  life  rafts,  etc.,  it  become  a  especially  important,  to  take 
such  apparatus  into  account  when  designing  tho  seat .  In  one  current 
model  the  back  pack  1®  bo  bulky  that  it  pushes  the  pilot  forward  in 
his  seat  ♦  It  not;  only  makes  him  extremely  uncomfortable  but  also  make  a 
it  inconvenient  to  operate  the  controls.  Such  arrangements  muat  ba 
avoided. 


■  Liv.,>  :  .it-  'f-'  :  .  ":r  -  ‘‘r,  -  ‘  .'.Vv:,.  i;  j  y.'.Y'.vO;..,,,  . 


kr.--.r-  ' 'ii-‘rJ  '  r 


T  ’  r?  %  v^*  ^  ;^r" <  '  *•  ’  ^  ^,yr  r\*$» 


n  goft&ui  ow  cocms  ii.'iiwmvj.mws  alvd  mmitauw 


Qbaarwatlcng 


9.'ho  psychological  and  physiological  considerations  of  ventilation 
are  highly  important  whs  a  it  la  realized  that  ranch  flying  is  now  being 
clone  la  extremes  of  temperature  at  high  altitudes),  where  the  oxygen 
content  of  the  air  is  greatly  lowered.  Besides  this  the  presence  of 
carbon  monoxide  in.  the  cockpit  (the  most  important  scarce  of  which  is 
from  the  exhaust  gas© a)  met  bo  carofully  controlled,..  J.t  can  produce 
symptoms  ranging  from  mild  headaches  to  complete  loss  of  consoa.cacnsoa 
end  coma  with  intermit tont  convulsion,, 


To  take  up  the  ventilation  it  a©  If  first ,  it  is  a  wall  known 
psychiatric  observation  that  if  two  room©  have  air  at  the  name  tem¬ 
perature  and  purity,  lint  with  iho  air  moving  in  one  and  still  in  the 
other,  the  room  with  the  moving  air  may  feel  bracing  and  simulating  , 
while  the  other  is  subjectively  close  and  oppressive „  Ba sides  this 
body  warmth  itself  is  in  tor- related  with  ventilation,.  This  would  seem 
to  he  all  obliviated  by  the  fact  that  pilots  wear  heated  milts  and 
have  heaters  in  their  planes  out  all  too  often  the  latter  two  device© 
get  out  of  order,-  This  ie  a  common  complaint -from  many  pilots* 


Aa  far  ara  the  CO  is  concerned*  its  sources  which  include  not 


(a)  the  exhaust  gas  from  the  engine  leaking  into  the 
cockpit  duo  to  the  fact  that  the  air  inn  ids  the 
cockpit  1©  often  at  a  lower  pressure  than  the  air 
out  eide  -«  but  e-.lao 

(b)  heating  units  inside  the  cabin  and 

(c)  heat  exchangers  —* 


must  all  be  carefully  controlled. 


2»  OonelUBionc 


As  movement  of  air,  proper  oxygon  content,  proper  carbon 
monoxide  control,  humidity,  end  temperature .all  have  an  important 
effect  on  not  only  the  subjective  comfort  of  the  pilot  but  also  hie 
psychological  and  motor  efficiency,  those  items  should  he  considered 
in  detail  in  the  design  of  the  cockpit  and  aeroplane  an  a  whola. 

Such  things  a©  a  inal- directed  stream  of  air  may  not  only  be  extremely 
annoying  but  also  detrimental  physiologically  as  in  the  Hai  tin  M-X3Q 
where  the  hot  air  blown  into  the  cockpit  tended  to  dry  the  conjunctival 
secretions  of  the  aye  and  resulted  in' very  irritated  eyelids. 


1  o 


rjy  studio a  have  been  mad©  of  t/ts  effect  of.  sound  o 
performance  and  subjective  feelings,  o specie, ily  by  the  Har 
Acoustical  Lab,  Although  it  was  found  that  noise  level o  h 
offset  (detrimental)  upon  functions  involving  motor  coorcli 
reaction,  tirno,  so  n.  no  ry  percept  ions,  and  certain  mental  fan.' 
the  less  'high  levels  of  noice  produced  definite  subjective 
fatigue  and  irritability  upon  th®  pilot,.  This  vac  in  rofo 
engine  noise  end  other  externally  caused  no  less  ouch  as  a® 
ventilating  noise  and  secondary  sour sea  of  noise  arising' f 
within  the  coelqiit *  However,  many  pilots  compJ.aln  of  z'&dl 
us  being  Infinitely  worse  than  ths  previously  mentioned  so 
unexpectedness  of  no  is©  coming  from  the  radio  vas  said  to 
annoying. 


d.  human 
card  'f'syc.bo- 
ucl.a  very  alight 
nation, 
tlons,  naver- 
foelings  of 
renea  to 
to dynamic  and. 
ram  vibration 
o static  noise 
ureeoo  i’hs 
be  especially 


3.  Conclusions  ,  ’  • 

Control  of  noise  by  stoppage  of  sound  looks  .{which  tend  to  offset 
the  value  of  elaborate  acoustical  treatment ,  by  filtering  out  the  noise 
from  ventilating  and  heating  systems  before  admitting  air  to  the  cabin, 
and  similar  procedures  would  most  probably  prove  profitable  la  the  long 
run  by  diminishing  fatigue  and  augiaeatiag  mental  performance.  JfaychO" 
logical  tests  .at  present  do  not  se&iit  to  be  sensitive  enough  to  prove 
the  latter  point,  but  considerable  evidence  supports  it , 


. .  *'  l^rti s!fsma^«B^^ 


VI  tfCGKc'W:  Clffi'JL  jm.!>M;‘:ymW! 


1 Obse^vatlon-g 

Cockpit  control  a  fro®  the  pci  at  of  view  of  the  pilot  have  many 
drawbacks.  The  ho  Involve  ouch  general  principle  c  ao  placing  iroor&knt 
eiaergonoy  controls  on  tfc.a  right  aids  of  fcbo  cockpit  , rheum  tiny  yi'W, 
hiivs  to  bo  operated  with  the  left  hand  (sn  awkward  and  « i use- confirming 
maneuver  in  a  situation  where  dexterity  and  speed  are  tfseentlal)  and° 
having  controls  of  o no  group  intermixed  with  those  of  another  ( 

'/.l.o  n/draulic  pump  handle  oi  the  I'll ft™  3  is  wised  in.  with  the  ,r«dio 
controls  and  very  difficult  to  get  &t),  This  problem  air-o  involves 
specific  operational  worries  of  the  pilot  which  seem  to  to  common.  to 
many  airmen.  To  illustrate  this  point,  one  of  the  moot  constantly 
observed  indicators  in  &  place  ic  the  fuel  tank  ga%;s-  The  pilots 
subconsciously  are  compelled  to  he  constantly  recWfcing  tfce'awonnt 
O-'.  .'.. U3.1  loii/o  bincc  very  often  these  gauges  are  located  in  an  iacor.--' 
von  ,i.<:!nt  place,  the  pilot's  at  tout  ion  is  di  s  t  me  ted  from  flying  a,n.d  1© 
la  constantly  obliged  to  shift  hie  attention  away  from  the  flight 
controls.  finally  some  controls  ara  placed  in  such  a  position  an  to 
actually  interfere  with,  flying,  l.e.,  in  one  of  the  earlier  TBM* a  ' the 
nuxi'.iary  compass  was  placed  overhead  which  tfia.de  flying  in  %  a©  numb  a r 
4  Spot  of  a  V-formation  extremely  difficult.. 

The  previous  observations  are  all  on  the  negative  siide ,  but 
thora  is  also  the  positive  side  to  be  considered.  This  would  induce 
sx'u.'.ii  things  as  having  the  entire  cockpit  layout  standard! sad  into  m«.in 
control,  groups,  each  one  .in  the  sake  relative  position  in  all  planes 
awk  each  on©  with  an  identifying  color.,  Thin, has  the  obvious  advantage 
of  enabling  pilots  to  use-  different  craft  in  fee  rchangeably  and  also  of 
avoiding  costly  errors  in  actual  operation  by  either  handling  of  the" 
wrong  controls  or  wasting  time  locating  the  right  ones-  Where  have 
been  many  accidents  involving  unintentional  operation  of  s witches  or 
control  a  vii.a.1  momenta,  i ,  e  •  «  originally  there  was  no  guard  on  the- 
master  ignition  switch  of  the  it- 314-  During  one  flight  on©  of  the 
craw  members  apparently  jarred,  this,  switch  off  accidentally.  All  fmv 
®’hg»neo  ox  tho  p.t,ano  stopped  in  the  middle  cf  a  transoceanic'  flight 
whx.lfi  cruising  &t  8000  fset  and  th<:  pxaae  loot  over  3000  feet  of  a.lt  i" 
xxxds  oeloro  tlio  difficulty  was  discovered.  1 

2o  (*oa,clu along. 

Since  all  of  the  ai  orsmentioned  things  are  very  d.i  for  acting  to 
the  pilot  and  promote  fatigue,,  it  would  aesa  worthwhile  to  incorpox'nbo 
®0,ae  %M  following  general  suggestions  into  cockpit  layout*  *“ . V 

,  a.  Use  of  Shape  ~  specific:  shapes  for  specific  controls, 
possibly  related,  to  the  actual  use  a  round 

wheel  for  the  landing  gear  control-). 

b»  Use  of  color  -  thio  butt  long  beau  used  for  specific 

controls  bub  it,  might  sesa  valuable  to  j :,jy.<ly  it  to 


antira  groups  of  controls  ( jue  . ,  bounding  c  \:ih  &.-':>  a 
of  sxix.v3.l54y  ccntyola  vy  a  oolox1  ap'oroox  lat;.  to 
group  •  X‘Ji-3 ny  nigh 6  .0 ;*  done  la  fVsicreocjaai  paint  ) 

e=  Uaa  of  Grouping  -  placing  ail  controls  of  ova  group 
( such  as  ifaosie  iac'trumoi'.tu  used  for  flying  0. roper ) 
in  one  arsn. 

d*  1'laclng  the  moat  frequently  obnarved  inafc ywnxux  t  a  in  the 
n»8v  accessible  place,-, 3  with  due  regard  to  all  the 
a.byva  lEsntlunad  factors »  Shis  coaid  ho  do  to  mined 
by  careful  checking  with  a  l&rg©  group  of  pilots, 

a.,  Protection  of  controls  against  Inadvertent  use  by 
•  either  counter  {jinking  -important  switches  so  that 
they  can  not  he  thrown  accidentally  or  putting 
.guards  requiring  conscious  effort  over  them., 


oari  off  i'flot  befforp  'Olrlj’-i 

*«  Dye  using  in  full  equipment  inclu&lr'g  £1  y3.n&  cult  and 
parachute  and  ftafoty  oqulpRsmt »  il.o,  life  roll,  etc; *  » 

bo  Standard  coiam«m1»s  pre-flight  (preferably  a  winiuuic.  of 


remarks J 


B«  ^g-Op^_^gp^ntation..n_f--JM._at>pari?.yM 

a-  The  approach© s  (preferably  with  ecmplefco  masking  of 
all  machinery  and  control  rooms) 

b.  Outside  flight  conditions  (-these  are  isrportant  he  cause 
of  their  psychological  effects  on  the  pilot  and  thair 
action  on  the  inside  of  the  cockpit  -  i*©.,  as  in  the  M«l£> 
whore  hot  dry  air  irritated  the  pilot "a  eye a) 

/ 

i«  VJeabher,  thmxdor,  lightning 
il»  Speed  of  air,,  hail,,  etc*  • 


All  these-  things  will  produce  an  of 3 act  on  inside  conditions 
of  the  cockpit  i.e.>,  ventilation,  vibration,  noise,  temperature , 
and  oxygon  supply  with  especial  regard  for  such  factors  r.a  to 
whether  super-charging  ia  being  need.. 

So  Ejgia  control  and  constant  setting  of 

a-  Standard  for.ni  of  questionnaire  to  flight  specifications* 

'o»  Standard  form  for  subjective  responses  to  flight  character 
3. sties  of  the  plane* 

c»  After  the  above  two  are  completed,  the  pilot  3&%y  ha 
questioned  a&  Ho-, 

4.  horu-g-rringe.  .flight  condition^.* 

a*  It  is  imperative  for  both  ppychologloal  and  physiological 
reasons  that  the  pilot  stay  in  the  cimu.ln.tor  for  times 
comparable  with  those  met  in  actual  operations,  'rheas 
are  not  only  important  separately  but  also  as  Interacting 
factors,  3  =e  „ long  continued  sitting  with  its  physio logit 
discomfort  has  a.  decided  effect,  on  the  mental  out  .took  ox 
•Dilot  v, 


,  Over  all  control  of  the  uro^ra g < 

a*  It  would  seem  important  for  each  pilot  to  be  he;. 6.  to  oiloj 
about  the  testing  so  that  there  may  bo  a  minimum  of  pre¬ 
conceived  icloBfJ  in  'each  :jub«eqnc:a%  to  liter. 
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Discussion?  During  the  period  February  1  to  Kerch  I,  .1946,  ®suac?on 

of  mounting  and  actuating  tbs  ASCA  cockpit  wore  investiga^d*  Of  uao 
various  methods  diseased,  only  throe  seem  to  wwo  »«miw  in 
.report,  *h*  comparative  merit  a  and  disadvantages  ox  %*’*?  *»>!»** 

will  bo  reviewed.. 


A) 


"t. . 


Mounting  Oocknlt 


This  method  seemed  feasible  until  it  was  determined  ^B'. 
mounting  the  oockoit  in  such  a  manner  resulted  in  wndeaJ.rable  phystt^ ■ 
effaofcs  on  tho  pilot.  In  order  to  duplicate  the  sense „xohb  <,,.pi,d..AAC,ui 
S  7yL  or  idLllp,.  It.  »«,  poopooeil  to  roll  «.  cockpi  t  *»%  m  wU 
below  the  pilot,  provided  this  might  bo  dona  by  some  mechanical  ««»*■  , 
Shi  a  method  of  mounting  iwoediasaly  proved  uncaps. tact.cn;;  iron  .  <*-•  - 
aoint  of  "feel*..  Vo  simulate  a  sideslip  to  the  right,  the  cockpit  au,n. 
be  initially  rolled  to  the  right  tending  to  throw  the  ’ 

with  respect  to  the  seat.  However,  if  the  eookpl*  is  *•  “«® 

a  ©Free  of  this  right  bank,,  the  pilot  has  a  tendency  to  ..all  otu  <■•<**- 
SS  of  this  caat  v/hich  is  the  opposite  to  tho  desired  nflect  *o 

3uc,h  complications  it  is  necessary  to  mourn;  the  cockpit  xroui  com*  pat.nv 
above  the  cockpit.  When  mounted  to  mo  vs  about  an  axis  above  th©  pilot, 
rolling  of  the  cockpit  will  always  result  in  the  Intended  z ool 

2  So ppanpipn.  of  Ood^ltM^d^— &. 


If  was  proposed  to  suspend  the  cockpit  on  a  12"  dxamete.v 
atssl  fcube(5oe  'lAHSie-17)  mounted  in  gimbals  some  3  font  acoyo  tho  coa^ 
T>it  tnd  use  the  force  loading  mechanism  an  a  counter  balance , aesum .o«i 
thwn  Wth  to  weigh  3000  lbs,  j .  bonds  from  the  force  lording  pi  stone  waol- 
bo’frar;yri-;:;*d  by  a  moehenical  linkage,  through  tho  center  of  the  main 


supporting  fubo,  to  the  pilot i  o.  CGnt.ro5.-3. 


PILOT'S  , 

control  r^f 

COLUMN — ^ 


••FORCE 

.CEDING 

FiSTON 


Elevator  Control.  Syst  ©m 


5] 

figure  X 


3.a  order  to  do  this,  it  was  necessary  to  employ  long,  Itch's -• 
weight  tubes  through  the  steel  tube...  To  avoid  failure  in  comprossiov. 
sud  at  thp  seme  tins©  fossp  the  weight  of  this  portion  ox  the  liuks./xio 
(thereby  the  inertia  forces  imparted  to  the  pilot's  cost  role) 
minimum,  it  wasp  decided  to  us©  dural  tubing  of  large  diameter  and  suit; l). 
wall  thickness  (3.,5'?  diameter,  . 093”  wall  thickness).  In  a  layout  ox  '' 
thia  cockpit  mounting  Drawing  L~  37501)  chewing  aaxUmm  pitch  and  roil 
angles  of  30°,,  it  was  determined  that  the  length  of  the  .control  column 
tubae  would  bo  approximately  23  foot,  ejaculation. ?:.( l-TELLO ) ,  showed  f  ha¬ 
ul ’'Or-  keeping  t no  weight  and  nix©  of  the  tubes  at  o.  desired  Kiiiiliiiuo, 
they  becaroa  critical  in  compreosioa  at  16  feet, 

& —  S^ba£iAaMBfl^a.-qhain  Drive  for  flubs  q  in  Control  Mar.hgvri_?,rii  ■, 

A  chain  drive  was  investigated  for  control  forces,  but  the 
diameter  of  the  sheaves  makes  if  necessary  to  raise  the  floor  level  of 
the  fore©  loading  equipment  (Drawing  L-  376-03 )  to  allow  free  rotation  of 
the  ©heave.  Assuming  a  SO1'  diameter  sheave,  if  would  bo  necessary  to 
raiy®  ths  force  loading  piston  app.roxxmo.tely  4",  Ooitoi  daring  the  fact 
that  such  a  system  would  require  feeding  the  chain  into  the  tub©  c.rar  a 


Chain  Drive  from  .Force  Loading  Piston  •“  Figaro  & 


i.j , 


po  y 


E5iit.ll  pulley  supported  on  s>i*.e  imor  :ocl  lover  cdgcr.  of  the.  wain  «e|-pvv! 
tube  joid  that  the  ;yiglos  that  th©  chain,  waken  vith  this  pulley  E,pp:-»^r;; 
90  d9gre«e,  it  cart  bo  osen  that  this  mail  pulley  and  its  shaft,  rk.-.s  a 
objectionably  high  loads.,  Thee  3  losdo  would  probably •  b«  in  the  or  my  : 
7000  lbs,  depending  on  the  diasR.3t.0r  of  ths  theavoc. 


Another  objection  ta  such  a  ayetom  Is  of  cosvroe  the  lag  ■:--r  b; 
lash  which  might  ba  reasonably  expected.. 

4 o  Su cpens i on_ of  the  Cockpit  from  above c  force  Lo adlng  Bo; :  lumen' 
Mount od  ineitlo  0 ockp it „ 

A  system  was  investigated  whore  the  force  loading  equipment 
xms  to  bs  mounted  inside  the  rear  portion  of  the  cockpit  and  coc.neci.-od 
directly  to  the  pilot’s  control 3 a  However >  under  such  conditions,  it 
is  reasonable  to  assume  that  the  operating  nole©  of  ths  force  leading 
equipment  might  be  heard  over  the  simulated  engine  noise  and  prove 
highly  disconcerting  to  the  pilot.  It  la  also  considered  desirably  to 
be  able  to  interchange  cockpits.  If  the  force  loading  eaulpmcmt  wore 
placed  in  ths  cockpit,  it  would  bo  necessary  to  construct  ‘a  separate 
set  for  each  cockpit ,  These  reasons  seem  to  be  sufficient  to  omit  any 
further  discussion  of  such  a  system. 


5,  Modification  of  Second  MethocU 


The  best  method  of  mounting  seems  to  be  as  shown  in  Drawing 
1- 37501 It  was  decided,  to  reduce  the  pitching  angle  to  20  dograci.,, 
move  ths  supporting  gimbals  up  to  the  level  of  the  calling,  short©.:,  th 
original  length  of  the  cockpit ,  and  change  the  shape  of  the  rear  of  th 
cockpit  to  allow  full  ±  20°pitca«  (Drawing  11-37504)..  By  so  doing,  if 


reduce a  the  length  of  the  main  supporting  column,  the  total  moment  of 
inertia  of  the  system,,  and  the  dimensions  of  the  hole  in  the  ceiling 
where  the  gimbals  are  to  be  mounted.,  It  was  determined  by  measurement 
from  the  layout  (Drawing  I'~  157504),,  that  the  length  of  tho  vortical  con 
trcl  tubes  could  now  be  reduced  to  14  feet  which  puts  thorn  well  within 


the  critical  length  of  such  a  system.  At  the  present  time  this  seem  3 


to  be  the  moat  desirable  method  of  mounting,. 


All  calculations  on  this  work  were  with  estimr, 
center  of  gravity  posit,  ion  a  and  angular  accelerations. 


ed  weighty t 


:  i 
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Angular  A009le.rat.i0aa  in.  Pitch  end  Boll  One  Eadtan  Per  SwoaA, 


}  -  X,o _ _ MftfcfafljL StS.  Actuating  ffockplh  In  Pitch  and RpJU. ., , 


She  moat  satisfactory  moans  of  pitching  «&d  roiling  the  cool- 
pit  seems  So  ha  through  the  udo  of  hydraulic  pistons  as  the  hydraui ic 
system  lo  hast  suit  eel.  to  the  hypo  of  servo  control  to  ,?,«  used  in  this 
caao»  Calculations  oho??  that  only  two  pistons  will  he  cooaesaiy  for  .vaoh 
plane  of  motions  one  for  pitch,  and  one  for  roXl(lJBS3'0 The  pistons 
may  be  mounted  from  the  floor  and  at  tech  art  to  the  main  cupperting  tu‘tv: 
by  universal  joints  and  a  yoke.  aa  shown  in  Braving  J)-3r’C03. 


J2, _ _ Met  ho  d  of  Vsrticel  Hot  Ion  , . 


Vertical  motion  of  thn  cockpit  has  ‘been  Investigated  con- 
slide  ring  ;r  6  inches  na  being  sufficient  motion  to  imp  are  “foci11  of  cm::  11 
normal  forces  to  tho  pilot.,  «Suoh  a  motion  may  he  rapres  anted  through  th". 
use  of  4  hydraulic  pi  stone  mounted  as  shown  in  Drawing  1  •  3?503«  She  mnln 
supporting  tuba  now  elides  on  roller  hearings  inside  &  short  collar  vLleh 
.1  e  mounted  on  the  gimbals.-  Calculations  show  that  the  only  value  of  -:uo h 
a  vortical  motion  might  bo  in  cumulating  oxhremoly  short  period  vibratio. 
or  normal  ac  cel erst i oas ( 1 JBS22 - 1 3 ) ,  The  practical! !;/  of  vertical  motiovi 
he  investigated  further.,  It  in  considered  impoas:.u3.»  to  duplicate 
conditions!  of  oven  midly  rough  air  or  the  effects  of  buffeting  in  a  stall 


,.|p,  ...  j,  ■,  ,  .  .....  a  - 


<9 
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without  unreasonable  amount;?  oi  vertical  displacement,  It  i«  un¬ 
determined.  as  to  how  small  a  normal  acceleration  may  he  fs.1 1  by  a 
pilot. 
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One  of  the  major  objectives  of  the  Project  Whirlwind  computer 
and  asacflated  equipment  is  the  study  of  stability  and  control  in  large 
aircraft-  The  study  of  aircraft  stability  and  control  is  essentially  one 
of  simulation  since  the  objective  is  to  permit  a  teat  pilot  to  evaluate 
the  performance  of  an  airplane  which  has  not  yet  boon  constructed,-  This 
simulation  will  be  accomplished  by  using  the  electronic  computer  for  calcu¬ 
lating  the  response  of  an  airplane  baaed  on  inputs. received  from  the  control 
in  a  simulated  airplane  cockpit „  This  cockpit  is  shown  in  relation  to  the 
other  equipment  Project  Whirlwind  in  drawing  Ho  0-30557, 

In  operation  the  pilot  flies  the  airplane  using  equipment  in  the 
cockpit  just  as  he  would  fly  a  real  aircraft..  He  moves  the  various  controls 
available  in  the  aircraft  cockpit  and  in.  response  to  the  motion  of  these 
controls,,  the  electronic,  computer  calculates  what  the  aircraft  under  study 
should  do-  This  information  from  the  computer  is  converted  into  instrument 
readings  which  the  pilot  can  observe  and  into  signals  to  the  control  force 
leading  equipment  which  will  provide  to  the  pilot  proper  feel  on  the  air¬ 
craft  elevator,,  aileron  and  rudi.'U*  controls*  At  the  same  time,,  signals  v.'fii 
be  sant  from  the  electronic  computer  So  tilting  mechanisms  for  providing 
motion  to  the  aircraft  cockpit,..  This  motion  will  not  be  that  of  the  real 
airplane  in  space  but  instead  will  be  the  motion  necessary  to  provide  in 
the  cockpit  a  feel  of  the  proper  direction  of  acceleration.,  For  example, 
a  properly  banked  turn  will  result  in  no  motion,  of  the  cockpit  while  on  the 


ka  mo  .1  and  os)  H-  V4 


other  hand,  yaw,  aide- slip  and  othor  accelerations  will  reou]  t  in  lilting 
of  the  cockpit  to  provide  the  proper  direction,  of  total  acc-'leraf  .cc.  n 
will,  of  course,,  be  •  impossible  to  alter,  except  for  transient  change  a ,,  t,ho 
magnitude  of  acceleration  fores  on  the  pilot  since,  this  fores  will  b 3 
limited  to  the  pull  of  gravity, 

jiquipmant  unicue  to  the  aircraft  analyser  ecokp it  phases  of 
Xrojeot  tJhlriwind  can  be  considered  in  five  divisions., 

I.-  Structure 

2  Instruments 

'■■■  Control  Force  Leading  Equipment 
4  Ccokpi  t  Tilting  Equipment 
5..  Digital  Conversion  Equipment 

The  above  phase  a  oi  the  program  will  be  considered  individually,- 
1  >  Structure 

Under  (Structure  m  will  include  not  only  the  cockpit  frame  and  body 
itself  but  also  the  supporting  mechanism  within  which  the  cockpit  is  to  he 
tilted-  The  cockpit  shall  have  a  normal  interior  and  arrange)'^ nt  for  a 
large  aircraft  It  shall  00  usable  as  either  a  two  or  four'-  engine  do  sign.. 
In  else  and  arrangement  It  shall  he  suitable  for  a  pilot,  and  a  "’co-pilot  xn 
the  operating  positions  and  for  three  observors  where  they  ray  300  the 
flight  instruments,,  Considerable  attention  must  bo  gl ve to  producing 
realism  and  the  cockpit  shall  bo  complete  with  noise  and  vibration  gener¬ 
ators  responsive  to  the  engine  control a*  Radio  headphones  will  connect  to 
an  intercommunication  system  available,  at  other  parts  of  the  Whirlwind 
computer , 

Pickox/.  devices  must  ;»o  installed  on  all  mechanical  controls  for  con¬ 
version  ox  mechanical  positions  into  signals  for  the  electronic  computer., 
The  cockpit,  should  not  >.p-  arranged  as  any  existing  airplane*  yet  should 
follow  the  Army- Navy  otanaardissation  plans  for  aircraft  cockpit  interiors.-, 
included  in  cockpit  phases  of  the  program  will  be  decisions  on  Instrument 
arrangement P  proper  mounting  of  the  cockpit  including  a  study  of  the  proper 
center  of  rotation  about  which  the  cockpit  should  be  tilted  .to  give  best' 
Srmiuaxion  of  accelerations  -  Hsans  must  be  provided  for  changing  the 
cockpit  to  one  of  different  interior  go  sign  and  arrangement 

-n  ‘’^e  design  of  the  cockpit,,  particular  attention  must  be  given  to 
reduction  of  elasticity  in  the  structure  and  the  reduction  of  inertia  end 
friction  where  chose  factors  can  affect’  tha  Control  .iTorcc  Load. tug  iSquiumsat 
and  the  transmission  of  these  forces  to  the  pilot11 3  controls,  .Design  of 


cockpit  structure  depends  an  associated  equipment  In  *ac  i;ij.Qvu>&  . . ;- 


-  ,  .  •!  ?  mat  be  coordinated  with 

1„  Instruments  "  wuwuwuvu  '  ,, 

structure  o n!f  An  matters  ox 

arrangement  and  physical  jpaco  for 

mount ing . 

Control  Fores  Loading  -  the  cockpit  must  pro-ids  xaU&VLv 

mounting  methods  dor  the  i 
went,  Tranomiaalon  between  tho  C.l> 
equipment  and  the  pilot “a  controls 
roust  be  done  without  appreciable 
elasticity,,  backlash,  or  friction 
CFL  equipment  should  bo  demountable, 
should  be  easily  accessible  for 

servicing,,  and  oil  leakage  from  tax  8 
equipment  must  not  enter  other  parts 
of  tho  cockpit 

Tilting  Equipment  -  the  cockpit  structure  depends  on  tn« 

tilting  equipment  oru.y  ass  relate.,  to 
the  coupling  of  the  W'.  unite  for 
drive  purposes  and  in  as  far  ao  the 
structure  must  be  designed  to  wit-n- 
stand  the  forces  imposed  upon  it  oy 
the  tilting  equipment-  - 

Digital  Conversion  -  all  mechanical  coaore-lc  iu  "•J® 
Circuits  as  for  example,,  engine  control,., r  ^  ■ 

transmit  their  motion  to  conversion 
equipment  guitaolo  for  delivery  o- 
digital  numbers  into  t.ne  computer  - 


3 .,  Tilting  Equipment 


4  „  Digital  Conversion 
Circuits 


2-,  Instruments 

Both  mechanical  design  and  instrument  servo  design 
number  and  kind  of  instruments  in  the  cockpit  mug,,  be  as  a  jL-i  r>n« 

meats" associated  with  the  engines  will,-  if  possible,  be  considtu  an  ' \ 
to  the  engineer"  s  station.-  This  station  may  or  may  not  o  u  t  a  u  J 
few  basic  type s  of  instrument  motions  and  corresponding  serve  uri.es  oUnxa 
suffice  for  all  instruments  on  the  pilot1' s  panel. 

Most  flight  instruments  canbe  simulated  by  a  servomcoh^m  driving  un^ 
indicator  through  loss  than  ISO'  arc.  ««®»p 

wtor,  compass,  directional  gyro,  nan  oo»  air  speed  tau*.  -  ^  ' 

several  revolutions  and  where  extreme  oeneivivxt./  la  roe  arret...  S  - 


in8trmner.it  3  can  probably  'be  s&tiafac  borily  simulated  vi  U<  elect:*  *.  v&j  vox' 
meters 


Instrument  design  will  depend  in  the  following  <=ays  on  o tier  phases  el 
the  cockpit  program;-. 

1..  structure  -  instrument;-!  will  depend  on  structure 

only  iyi  questions  of  space  and. 
mechanical  arrangame a t 


2.  Control  Force  Loading  «  none 
3»  Tilting  ■-  none 

4c  Digital  Conversion  ~  the  digital  conversion  equipment  will 

■DX'ovide  input  signals  to  the  instru¬ 
ment  servos..  The  de.tr.  systems  most 
be  coordinated,, 


3,  Control  Force  Loading  System 


The  Control  Force  Loading  System  is  a  hydraulic  mechanism  providing  the 
proper  forces  on  the  cockpit  rudder P  aileron,  and  elevator  controls •  In 
providing  realism  and  in  evaluating  the  behaviour  of  aircraft,  tho  Control 
Force  Loading  Equipment  is  considerably  mors  important  and  critical  than  the 
cockpit  tilting  equipment  ,  , 


.to  operating  mechanical  breadboard  of  the  Control  Force  Loading  Equipment 
exist  o  at  the  present  time-  Operation  of  this  equipment  i  a  nearly  sat  i  si  act-  or,  y 
Tentative  layout o  for  a  new  packaged  system  prepared  by  Eider  and  Kraft  c.re 
in  tho  drafting  room. 


Additional  work  on  the  present  system  is  necessary  to  improve  the 
pressure  regulating  valves  for  reduction  of  vibration  and  to  reduce  their 
operating  force  dependence  on  oil  flow-  Some  tentative  value!  designs  have 
bean  prepared  but  not  tested*  An  improved  hydraulic  amplifier  may  be  de¬ 
sirable  and  measurement a  of  servo  loop  gain  and  response  should  be  made  on 
this  system*  The  electronic  amplifiers  and  perhaps  the  data  system  should 
bo  revised  and  a  suitable  size  of  main  drive  motor  selected 


To  tho  equipment  now  existing  must  be  added  remotely  con", rolled  elasticity 
and  Coulomb  friction  between  the  pilot  and  the  control  surface •  A  converter 
for  giving  control  position  in  binary  numbers  must  ha  provided  find  a  strain 
gage  signal  made  available  bo  the  digital  converter  for  tran'/iml salon  or  the 
control  column  forces  to  the  output  recorder  of  the  computer-  Design  of  the 
Control'  Force  Loading  Equipment  will  depend  on  the  following  p.naaes  of  the 
program, 


enwar'.&tup  K»  74 


1-  Structu; 


3„  Instruments 
3„  Tilting 


4 Digit  Converters 


f «; i gjo q  rati « t  b e  p vov  ■  d  3 a  i n.  th-s  c o  c  ».p  ••  v 
for  fcbe  Control  Portia  DaMn-i  Kq.ulpK.3nt  _ 
Control  Force  loaders  should  be  package  a 
units  readily  accessible  lor  servicing 
;.r.c.  exck&nge  to  other  cock.pi to-  '••'boy 
cihould  be  oo  arranged  that  oil  leakage 
camot  reach  other  parts  of  the  cockpit 
Connection  between  Control  Force  hooding 
y. ou i pjre d t  and  the  control  co,  eons  in  &!■- 
cockpit  should  be  through  push  rods  with 
careful  attention  given  to  reduction  of 
elasticity  and  friction  For  props? 
(-.-Deration  of  the  C?L  equipment  *  inertia  tv» 
i, he  control,  columns  aunt  be  held  to  a 
minimum, 
none 

none,,  except  for  the  effect  that  weight,, 
chaos  and  location  of  the  CF.w  SQuipnont 
will  have  on  the  dynamics  of  the  cockpit 
tilting  system »• 

the  CFL  equipment  receives  data  on  ro~ 
craired  force  and  transmits  column 
position..  The  CJ;'L  mechanism  niust  drive 
i,  suitable  high  -sensitivity  digit  convert'.! 


4  .  Tilting  Ho  chan,  i  am 

Ds'ilgh  of  the  cockpit  mounting  a.nu  design  of  the  cockpit  tilling  eqpipmtia,. 
mJ li lJ.c.4.4%?  a  »tudy  of  u-  ,.t£nU«te0  and  dxrao.ioK,  of  acMlero .tlo« 
to  be  ejected  in  large  aircraft-  Results  of  this  study  wl,l  a0\^e^'  , 

cations  for  the  tilting  equipment,  it,  will  be  necessary  to  know  ^  trans.en  • 

characteristics  of  accelerations  to  be  expected  as  wel.-.  as  -Mu.  A~k .  *■ 

V.^luo  3 

Design  of  the  cockpit  support  end  mounting  will  depend  upon  now  high  the 
cockpit  pivot  point  should  be  above  the  location  ox  pi-vot,  and  cc-  pi.  oi, 

Serim  Assign  must  be  such  as  to  provide  sufficient  power  -s-nd  appr-x-una-ely 
the  accelerations  indicated  by  the  above  study.  Operas  ion  .of  the  servo  ays*.®* 
mast  be  smooth  bur,  accuracy  can  be  low  since  tiitxng  of  th«  cocfcjl-  is  •• 
vided  only  to  increase  the  sensation  of  actual  slight. _  HI  •‘-■■■S  P*u  -  'J 

the  proper  direction  but  of  coarse  not  the  proper  magnitude  ox  apparent 

gravity,, 


Msro  'X\.-.A, .  -im  M- 


134 


In  *iei sign ing  tho  cockpit  H  i  s  dc  sir  able  to  keep  tho  re-po  1  red  O'aiicb.ng 
celling  height-  low.  -  From  consideration  of  the  tilting  servos :  toe  yivr/,; 
should  bo  near  the  center  of  gr&vU;-  of  the  cockpit;,  but  prob -fbly  from 
consideration  of  the  feeling  produced,,  the  pivot  should  be  i.Cb-’Vo  the 
cockpit  compartment..  Questions  of  statically  balancing  the  cockpit  as 
against,  forcing  the  tilting  nervo  to  work  against-  cockpit  unbalance  must 
he  considered 

Mounting  of  the  cockpit  might  he  by  cable  suspension  from  &r  overhead 
X- frame ;  by  support  on  hydraulic  cylinder as  or  by  attachment  to  a  pivoted 
column.  The  tilting  equipment  will  depend  on. 


1 .  Structure 

2 ..  Instrument  a 
3  Control  Force  Loading 


4,.  Digit  Converters 


-  for  inertia,-  uubalnooed  forces, 
and  rigidity  a a  well  as  the 
mechanical  coupling  design. 

-  none 

..  the  loading  eepfipmon  will  affoct 
tilting  only  us  it  may  be  used  for 
counter  balancing  the  cockpit  and 
insofar  ae  inertia  of  t.ne  CF1 
equipment  will  affoct  the  tilting 
serve 

-  the  tilting  equipment  receives  lt« 
control  data  from  the  computer.. 


5 .  Digit  Conversion 

Digit  conversion  may  be  considered  in  two  sections: 

A.  Conversion  of  digits  to  electrical  signals 
B  .  Conversion  of  mechanical  motions  to  digits 

Considering  first  the  Conversion  of  Digits  to  Electrical  Signals,,  the 
following  table  shows  the  relative  sensitivity  and  accuracy  required  in 
di  f  f o  rent  app  X  icatlo  n  b  ., 


Sensitivity 


Accuracy 


High 

Altimeter 


Good 

Other  instruments 

i 

All  instrument  a 


•  Fair- 

Tilting  and 
Control  Fore* 
Load! ng 

Tilting  and 
Control  Force 
Loading  Equ- 


ike  in  o  r;  ju„  ?.r> 


The  kind  of  output  vol  fcago  to  be  delivered  by  the  convey'  er  mu  Vo  bo 
correlated  with  the  various  servo  roouir&aante  Ail  incoming  data  will 
over,  a  aingle  set  of  digit  buses  from  the  aoisputer  and  proper  switching 
must  be  provided  in  the  digit  conversion,  to  notes  the  output  signal  volt 


:  data 

will 

avfi  t  c 

ihlng 

si  gnal 

v-lti 

1;  will 

.  be 

used  v 

.t,r. 

U  l*U  i 

simple  switching  system  for  distributing  the  resulting  voltages  into  the 
proper  channels*  Switching  will  be  operated  under  control  of  the  computer  . 
Bata  will  be  delivered  at  intervals  ranging  from  1/2  second  U  l/lOO  second, 
and  the  signals  delivered  to  the  tservo  mechanisms  must  be  satisfactorily 
smoothed 

B.  Mechanical  to  Binary  Order 

A  ays  tom  of  this  type  might  for  example  consist  of  D„G„  po  centiometei  r> 
attached  to  all  mechanical  shafts  in  the  cockpit.  Voltages  from  these  linen 
might  then  be  switched  into  a  single  converter  which  will  preside  the 
neceseary  binary  digits  for  rise  by  the  computer.  It  will  be  desirable  for 
the  switching  and  conversion  to  operate  in  the  aamo  manner  as  the  electronic 
comp'atar  storage  which  means  that  an  interval  of  approximately  6  micro  seconds 
will  be  available  for  the  selection  and  oonv'ersion  of  Information  reedy  for 
use  by  the  computer*  The  following  tabulation  shows  sencjitivJ  ty  and  accuracy 
required  by  various  cockpit  equipment  in  the  conversion  of  mechanical  motior.a 
to  digits.  Indications  are  relative  and  actual  figures  must  result  from 
further  study, 


high  Good  fair 

Sensitivity  Elevator,,  Aileron r  Controls  for  .Engines, 

Rudder  Tabu,,  and  flap  a 

Accuracy  Control  fores  loading  T\Lapsr  Tabs, 

and  Engine 

Design  of  the  digit  converting  equipment  may  be  done  as  part  of  the  computer 
rather  than  as  part  of  the  cockpit  ay  fit ecu  However*  the  digit  converting 
equipment  will  depend,  on  other  phases  of  the  cockpit  program  in.  the 
following  ways; 


lo  Structure 


Instrument  a 


space  in  the  cockpit  structure  must 
be  provided  for  the  mechanical  to 
binary  conversion  transmit tors 

design  of  the  digit  conversion 
equipment  must  be  coordinated  with 
the  data  transmission,  system  of  the 
various  instruments  and  servo 
mechanisms. 


Control  Force  Loading 


4.-.  Tilting  Equipment 


-  the  digit  converting  equipment  will 
supply  forced  data  to  the  fiFl  equip¬ 
ment  and  will  receive  aha  ft  pc  ainion 
and  control  force a  for  transmission, 
to  the  computer- 

~  the  digit  conversion  East-  supply 
signal 6  to  the  tilting  mechanism 


Cockpit  La  sign  and  Construction  Program 

It  is  highly  desirable  in  the  Project  Whirlwind  Program  that 
the  cockpit  and  associated  equipment  be  designed  and  constructed  by 
June  1848.  To  make  this  possible,  immediate  steps  mast  be  taken  in  the 
selection  of  the  required  sub- contractors*  in  the  specification  o.t  details 
which  can  now  be  established  and  in  such  research  and  development  work  as - 
remains  to  be  done . 


The  cockpit  and. its  associated  equipment  will  be  extremely 
valuable  when  used  with  the  Whirlwind  I  computer  for  evaluation^!'  many 
questions  relating  to  the  large  scale  Whirlwind  IX  and  its  use  tor  the 
solution  of  aircraft  stability  and  eontzol,  The  techniques  required  tor 
the  cockpit  simulation  will  be  required  in  other  training  and  control 
device  0^ 
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Ths  cockoit  in  to  n  a  replica  of  one  In  a  r-wu  ecropi.  r.e , 
able  to  simulate  the  movements  of  flight  and  with  controls  that  we 
Ibadod  and  have  the  feel  as  in  flying,  The  aim  is  vo  t*u,  P<  -io-. 

the  illusion  of  flying  while  he  operates  the  controls  in  order  to  got 
hie  reactions  and  test  hie  ability  to  keep  the  plane  under  contr >1 . 

Data  relative  to  actual  cockpit  performance  and  description 
of  actual  control  systems  with  forces  involved  in  flight  was  f  arr-ari^d 
by  the  Vfright  Brother’  a  Wind  'funnel  •  and  in  contained  in  Reports  [AS  s&'m 


A  perspective  drawing  of  the  equipment  as  f!  nally  decided 


upon  to  accomplish  this  aim  is  shown  on  drawing  C~300f;.)-  corn  a 
of  a  hollow  vertical  column  mounted  on  gitffcsla  in  its  middle  porvion, 
on  the  lower  ©ad  is  hung  the  cockpit,,  on  the  upper  end  is  placed  tho 
platform  containing  the  three  force  loading  units  for  .Loading  the- 
rudder,  elevator,  aileron  controls  respectively.  LinUxg®  running  t am 
hollow  column  connects  fore©  loading  equipment  with  controls.  Tc-vx 
hydraulic  cylinders  located  on  middle  floor  of  building  impart  motion 
to  cockpit^  on©  for  roll',  one  for  pitch,  and  two  for  vortical  motions,, 

Th©  cockpit  project  may  he  divided  into  5  for  cor,-- 

vsnisnee  of  discussion.  They  are  as  follows. 

1„  Cockpit 

2o  force  Leading  Equipment 

3„-  Linlcag©  ho  tween  leading  Equipment  and.  Control s  in  Cockpit 

4»  Cockpit  Vctivatlng  Equipment 

5.  Assembly  of  above  Payts  with  Colusa  and  noun ting  on  6i.iaoa.a-i 

I  shall  take  up  each  part  separately  giving  the  state  cf 
development  up  to  the  present  time. 


U  Oocfcp'xt 

wo'  iin»ir.5rra”iW’' 

Ho  &©gign  vork  has  bean  done  on  tha  ceckiuv...  dowevsr  w.n 
information  and  specif icat ions  rolativo  to  its  oea:>.'£'-  vt.-  been 
cwaulated  in  Mr.  ?ahnestock,3  end  Ky,  Hitler4  e  notebookn. 

Mr»  Eslmc stock 11  s  .11  of ©"book  l!I  contain o  Information  uncR.u  'dw.. 

following  li oo, dings . 

C  o  ckpi  i.  Equipment 

Responsibility  for  Installation  of  Cockpit  EqvApnent 
Arrangement  of  Controls  and  Indicators' 

InatiumentG  -  Bata  Source  and  Type 
and  from  Mr.  Rider* s  J5oto*oook  #1 

Listing  of  Cockpit  Instruments,  Number  Required  with 
Operating  specifications  and  Apparatxws. 

Listing  of  Cockpit  Controls,  Hunter  Required,  Ooranentsi  on  wo 
of  Standard  Parts 

Listing  of  Inoperative  Equipment,  Humber  Required 
Listing  of  Outputs  from  Cockpit 
2.  Force  Loading  Eqivipmont 

An  hydraulic  system  for  generating  the  control  forces  mu 
devised  and  a  demonstrator  model  to  check  the  worth  ex  the  system 
was  built.  The  demonstrator  is  shown  on  drawing  IVSC^l  and  doucribefl 
in  report  36.  .Analysis  of  component  parte  end  c.tabiilty  suia  gu/.n  nx 
system  are  given  in  repents  37  and  J8.  Tests  having  proved  the  woPs-h 
of  the  system,  that  portion  of  it  to  be  mounted  with  the  cockpin  was 
redesigned  with  the  aim  of  making  a  compact,  packaged  wit. 

This  design  differs  from  the  demonstrator  by  the  use-  of 


I 


t*«?  adjustable  dampcra  to  niruilafco  friction  torque  instead  of  fcacfc- 


o’aeter,  by  tile  addition  of  two  compression  springs  in  linkage  ho 
simulate  cable  strcbch,  anti  by  now  design  of  regulating  vslvea. 


The  uni t  consists  of  a  rectangular  tank  with  cover  plats,, 


Layout  drawing  of  tank  and  ecjdpisont  mounted  in  it  5.3  *-"37505  ■> 
Figure  1  shows  this  equipment  schematically.  Tank  is  3 /4  filled 


with  oil. 


On  the  undersides  of  the  cover  (layout  I>^3T:50-)  is  mount < 


the  equipment  for  governing  the  oil  supply  to  the  power  piston. 


This  is  shown  schematically  in  figure  2.  Hot  shown  on  schematic  Is 


coil  of  copper  tubing  thru  which  water  circulates  to  cool  tli®  oil. 


The  main  oil  supply  for  the  power  piston  is  furnished  by 


two  Vicker1  o  2  -  stage  van*  pumps  mounted  on  opposite  ends  of  a 


common  drive  motor.  Pumps  and  motor  arc  mounted  mdop'sndontly  of  the 


tank. 


The  fores  loading  eo/uipment  consists  of  3  tanks  with  cove?:' 


plates  and  3  motors  each  mounted  with  twin  pmaps  all  mounted  on 


platform  which  is  set  on  top  of  hollow  vertical  column.  This  equip¬ 


ment  serves  as  a  counterbalance  to  mass  of  cockpit  swinging  on  lower 


©nrl  of  column.  It  is  estimated  that  the  3  units  (3  tanks,  3  motors 
with  pumps,  and  -;ll)  will  weigh  approximately  4600  pounds.  The  plat 


form  will  he  approximately  10  ft.  square*. 


Twin  compression  springs  to  simulate  cable  stretch,  are 


designed  for  a  maximum  torque  of  400  ft.  Ihs.  with  spring  gradients 


ranging  from  25  ft.  Ihs.  per  degree  to  500  ft.  Ihs.  per  degree, 


Design  calculations  In  draff 8  a  Notebook:. 


I'SMEiHESSiEZS 


®ach  friction  torque  damper  i  a  .designed  a  ox*  o  ,<>  •>■ 


of  torque,  Design  calculations  in  Graff* 3  Notebook.  to  uviosixxoio 


character:'. otic  of  this  design  is  that  below  certain  velocities  i  ^ 


friction  i<m>»  Bill  fall  short  *t  that  toiwi  "ecaucs  of  ™aToito- 


hi®  leakage  around  piston  and  valve. 


Teste  'were  run.  with  a  control  valve  wi  ;<n.  SO  included  .jig to 


of  valve  face  (A-20372-3)  with  varying  values  of  valve  spring  lores  , 


Results  have  been  tabulated  -  oil  pressure  versus  flow  -  to  A- 


Sh  airman*  s  Hot  shook:  on  page  11-  Aftar  these  tests  a  'new  design  ut 


valve  and  valve  body  was  devalopod  using  a  piston  typo  \clvu.  Alu0 


iB  shown  on  drawings  B«yjOH3  Experimental  model  br< 


heen  "built  hut  as  yet  no  tests  have  been  run* 


Data.  Used  la  Design  of .  ?orco 

Max.  oil  pressure  2000  lbs.  per  in2  (Main  oil  supply) 

Min.  oil  pressure  JXt  lbs.  per  inL  O'ain  oil  supply) 


r 

Max.  diff.  pressure  1T00  Its.  per  In- 


Area  under  pressure  2. 77  inc 


Angle  of  travel  of  output  shaft  /  22  i/2 
Max-  fore©  exerted  hy  piston  4*20# 

Max.  torque  2-5^0  ft.  lbs. 


Normal  operating  acceleration  of  controls  about  100  radians 


per  see^ 


.  r  4  „  n./>»t.'ra'f,‘inn  «i v  controls  about  eOO  radians  pox 

Max.  operating  acceleration  ox  wi,wux.) 


Ratio  Goar  Train  for  Glass  Si  sc  -  25 


Ratio  Gear  Train  for  Tachometer  --  10 


1 1" 1 1  ri  "~r  ■rrrT'rTTVTrVfirtwiiii^MifiiiiiilBfffiiB^'tiaiffi^^ 
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Oil  pressure  to  hydraulic  amplifier  300  IPs.  per  in.' 

The  force  loading  equipment  as  designer],  is  heavy  and  bulky 
in  suite  of  efforts  to  make  each  unit  compact.  Possibly  "ay  using:  onb 
sump  and  ono  oil  system  common  to  all  three  units  the  volume  and 
weight  can  Pa  reduced.  The  Vicker®s  twin  pump  and  motor.*  assembly 
account  for  1/3  of  the  total .weight. 

3 °  Linkage  Between  Loading  '-Equipment  and  Controls  In  Coe' colt 

This  linkage  is  designed  schematically.  Overall  dimensions 
of  main  connecting  rods  are  determined.  Much  design  work  still 
remains  to  ha  done.  Report  R..99  with  drawings  0-30047,  <5.-30648  and 
30049  describe  the  work  done  up  to  this  time. 

4.  Cockpit  Activating  'Bqutpmonfr 

This  equipment  is  shown  schematically  on  drawings  1-37503  and 

L--37504  aid  is  discussed  in  report  R»100  section  B.  Only  the  Bwfaca 

\ 

has  been  scratched  on  this  phase  of  the  project.  Movement  of  cockpit 
in  pitch  of  "/”  20°,  and  in  I’oll  of  "f  30®  with  accelerations  in  both  cases 
of  one  radian  per  second  per  second  have  been  fixed  upon.  However  the 
vertical  movement  of  cockpit  has  not  boon  decided  upon  either  in  ampli¬ 
tude  or  acceleration.  That  the  motion  will  be  produced  by  hydraulic! 

flinders  is  fairly  certain,,  but  the  design  of  the  hydraulic  system  and. 

5  M 

linkage  connecting  it  to  column  is  an  embryonic  condition. 

H.  Fahnestock11  s  Notebook  gives  information  relative  to 
motion  of  cockpit  under  the  following  headings. 

Flight  Demonstrations 

Proposed  Simulation  of  h<  craft  'Accelerations 


<§!► 


C,  H.  Rider* s  Notebook  gives  the  following; 

Angular  raotio/.,  rate  and  acceleration  of  cockpit.. 

5*  Assembly  of  Parts 

’Phi a  phase  of  project  ia  concerned  with  arrangement  of  cow— 
parent  parte  and  manner  of  suspension-  --ha  design*  fixed  u-oon  is  shown 
on  drawing  37504  and  is  discussed  in  report  R.-XOO  section  A«  Giis&oiftp 
Banner  of  fastening  cockpit  to  column,  and  a  platform  for  for e©  loading 
equipment  have  yet  to  'be  designed-  The  si  so  of  hollow  column  was  arrived 
at  using  3000  lbs.  each  for  weight  of  cockpit  and  force  loading  equipment 
Ak  a  lator  estimate  places  weight  of  force  loading  equipment  around  pOOC 
Us.,  column  size  should  he  redesigned- 
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Sir  awing:. 

cJ  30557 


Introduction 

The  principal  component  of  the  Project  WJIIIllWL® 
equipment  is  an  electronic  computer,,  Wb  this  computer  is  a 
gonoral^pujpo so  device,  its  fir  at  major  assignment  in  the  study  of 
aircraft  design  and  performance*  --ho  computer,  with  associated 
equipment,  vh.ll  become  an  aircraft  anelyaer * 

The  proposed  ssualyzor  might  bo  used,  as  a  typical 
example,  to  study  th»  character! sties  of  a  proposed,  aircraft  which 
has  never  boon  built..  In  ouch  a  study,  wind-tunnel,  data  from  a 
model  of  the  proposed  aircraft  would  be  u ctid  to  furrtf.ah  the  computer 
with  the  response  character! sties  of  the  piano*  Ir»  addition  to 
recording  the  performance  of  the  airorsft,  the  msaljnser' must  alto 
prov3.de  data  on  pilot  reaction;-}  and  handling  oh)c*ec  tori  ratios  of  tfc® 
aircraft*  The  preface  to  the  Aircraft  Analyser  specifications 
states  thate 

l!T,h«  moot  significant .  feature  of  this  analyser  is 
that  the  reactions  of  the  pilot  to  the  handling  characteristics  of 
the  airplane  era  Introduced  not  as  simple  response. a  to  given 
situations  but  as  the  more  complex  responses  char  e,c  tori  otic  of  the 
human  being* r) 

It  i»  evident  that  the  enyiromoui.  and  Bfeoln  of 
an  aircraft  in  flight  sast  be  ijlmulated  as  accurately '  as  possible* 

Analyzer  Syatom 

A  pictorial  schematic  view  of  the  analyzer 
component o  la  show  in  attached  Drawing  C- .'50557 c.  Provision  is  made 
for  pilot  ©nd  oo«pilot  stationo  within  a  cockpit  which  will  contain 


I  C  h*  v)  0  o  O 

lib.®  controls  sad  instrument  a  ox  one  amoral  o  oe.liv,  <5%  &&.i'3do 
Control  information  i e  trauf®dtt8d  to  the  computer .,  winch  com* 
put  os  the  response  of  the  'iimuAstod  plane  t. 0  dioso  co-1n.iiJ.0A 
input « «-  The  aircraft’ a  c0r.tpnt.9a  recpoase  :1b  transmit tod  back 
to  the  cockpit ,  where  it  in  mani footed  as 

l)  forces  on  control st  (DJf.L.) 

3)  proper  orientation  of  all  instruments? 

3)  simulated  noise  sad  vibration 

4)  simulated  nc  col  oration  of  the  cockpit 

Simultaneously*  the  behavior  of  the  aircraft  is  recorded  at  the 
"Output”  station. 

A  more  detailed  description  of  the  analyser  its  sat  forth 
in  Project  WHIliWXffl)  Summary  Popart  Ho,.  1  issued  in  April,  1946. 

®h©  computer  la  of  the  digital  type  and  uses  a  binary 
number  system.  Information ,  such  as  control  positions,,  trans¬ 
ferred  from  the  cockpit  to  the  computer  must  bo  converted  from 
analogous  quantities'  (probably  voltagoo)  to  binary  numbers.  Xfi  & 
Xiko  manner,  computed  binary  numbers  must  be  converted  to  analog 
voltages  before  the  information  can  be  used  to  control  instruments, 
noiso  level*  etc.,  in  the  ooolqptt.  ('Me  function  ia  performed  by 
the  "Digital  to  Analog  Conversion"  equipment  shown  in  Drawing 
0-30557, ) 

The  computer  3.^ naif  is  to  be  capable  of  solving 
simultaneously  the  ntune^ous  equations  which  determine  th©  dyasjrlo 
performance  of  an  aircraft  in  flight.  A  unique  feature  of  tho 
computin'*  is  that  it  will  nolvo  bliss©  equations  in  reel  time;  i,e.c 
the  apood  r£  solution  by  the  computer  mast  b&  as  rapid  as  the 
response  of  the  actual  aircraft,  and  pilot. 

£aaksi&  S&xsBiiss. 

The  interior  of  the  cockpit,  will  have  the  cams  appear cace 
as  the  0/  okplt  of  the  plane  being  ctudlsd.  Pilot  and  co«pilot 
otationii  with  all  controls  and  instruments  will  'bo  installed. 
Windows  will  bo  made  tranBlucent  so  that  the  pilot  is  not  dla=- 
orienWl  by  objects  out  si  do  of  the  cockpit. 

Th©  cockpit  will  be  suspended  1'V.s  a  pendulum  and  will  bo 
free  to  be  tilted  under  power  in  order  to  apply  acceleration  be  the 

pilot.. 


All  inis;;iu*fi3Bto  will  "be  properly  orient ou  ■&  .■.  ad  loot  sad 

Ijr,-  th©  GO’l'pU.tGTo  slmplei*  ilAStlUffitiRiffi  NSUOli  OS  0;il  p.i*30’/Ji;.  V 

tfi’  i6nip"3ra<i'i’X‘a  gauges.’  will  proba oly  h®.  voitnioisero  e..i©rg3.Bod  l)j 
fch®  computer  o  The  more  prod  as  instrumento  (such  us  art if leal 
horiBon  end  altimeter)  will  probably  be  driven  by  oervoiaeohattl  r/flo 
which  raoeivo  input  data  from  the  computor*  dace  t  ■'■S  roqulrou 
response  of  these  inatrumenfca  need  not  .exceed  bho  ability  of  the 
pilot  to  follow  thsia,  It  lo  felt  that  proper  inatziaaontatloa  will 
not  involve  anj  problsms  of  a  fur  daxesit &1  naturae. 

Control  irorco-loadins  Ewdpsxefti 


She  proper  force e  ok  tho  oontwl  colum  and  pedal,  a  will 
he  computed  "by  tho  computer  end  applied  to  the  oontrolo  by 
hydraulic  aervomeohsai emso  i’rovlaitm  svill  ho  rands  for  a&^aafe&'xUs 
control  damping,  Coulomb  fx'io'txfjsij  e3.envi deity,  nad  b.'?ok3.aaho  Cn 
the  b&ola  ,of  tests  already  Made  on.  ojcp^lmontal  equipment*  it  •mist 
safe  to  predict  that  control  force^loediug  cm  ho  fdsroX&tod 
aatiofactorilyo 

SbIasl  ml  Btotdsm 

Satisfactory  sireulatiou  of  noiao  and  vibration  has  already 
been  accompli chad  in  bob®  of  the  Kavy”  s  Operational  blight 
Tralaeroc.  Vibration  will  probably  be  inserted  by  wanac  of  an  w.v-  . 
balanood  rotating  raaas  coupled  to  tho  cockpit,  nad  noise  will 
probably  bo  produced  by  an  electronic  oscillator  with  suitable 
filter So 

SosteiH 

Slja  abovo-n®ntionad  problems  ha to  been  reproached  by 
designing  equipment  which.  attempt 6  to  du.pX'...oa.(>o  uhs)  perloxiflartOw  <•/«. 
the  aircraft,-.  In  the  case  of  cockpit  motion,  1-hits  approach  pan.  no 
longer  be  need  since  f.t  is  not  considerod  feasible  to  build  a 
cockpit  which  will  hare  the  cams  degrees  of  fre.dom  .os  tho  .aircraft® 
idso",  it  is  not  feasible  to  build  a  cockpit  which  cm  bo  ad^eo-aod 
to  large  sustain®!  accelerations  since  auch  a  acvioa '  would  have  »c 
move  through  very  long  distances  in  reapoit? .3©  to  those  accoiorat s. ona<> 
For  those  reason®,  it  has  boon  decided  to  suspend  the  oookoit,  as 
shown  in  Drawing  C«30557,  end  produce  the  sensation  of  >iori  social 
acceleration  by  tilting  the  cockpit* 

la  guoh  a  oystciu  the  ns  suit,  wit  iinistainod  acceleration  .is 
limited  :ln  magnitude  to  the  acceleration  of  gravity,  or  igu  The 
only  control  that  c&nr'be  exorcised  over  a  sustained  period  Is  coa*» 
trol  of  the  direction  of  tiro  Xg  gravity  vftotox  with  respect  to  tho 


•<>:tlot 5  o  seat®  *'hio  :1s  to  >»  faseompliahad  by  tw 
sir'/owoci'jssileasss.  On©  wiil  ti /!:•  tsv3oo«i«£>it  Jt;'J-*0,  .'o 

•by  climbing  or  diving,  -aa-3.  the  othar  will  tilt  ta®  80  A'" 

,..'0,oa  ’be  til tad  "by  roll®  -fc  is  espaoted  that  a  suctalJUia 
acceleration  of  l/3  g  par  all el  to  the  plan©  te  tie  plea*  of 
•pilot5  3  ee&t  can  he  .produced  aatiafeotorlly® 

Since  the.  angle  c*f  tilt  of  the  cockpit  w, ill  control 
tho  direction  of  the  resultant  acceleration  on  tho  pilov.,,  t>m 
•ore nor  tUt  angle  will  he  dotersulaad  not  by  tho  zlMtrtVn 
attitude  alone,  Vat  mil  take  into  account  itn  lateral 
acceleration  as  wall.  far  example,  a  town  ia.Xem. 
would  ooum  the  cockpit  to  tilt  about  it  a  ro.U.  axis  1.0  aimnla^o 
centripetal  forces  on  tha  pilot,  vhila  a  perfectly  hanked  vuru 
would  recnlre  no  tilt  nine©  it  produce}®  no  ownponai  u»  ox 
acceleration  parallel  to  the  plan©. of  tho  pilot 8 a  beat* 

While  tho  control  method  indicated  above  provides  Vos 
correct  sustained  Xatoral  aoocs], oration,  it  raise®  problems  is 
changing  the  acceleration  without  severe  transient  accelerations 
which  would  destroy  the  simulation  of  aircraft  flight®  Jfh© 
solution  of  this  problem  requires  further  ooroprotniflo®  If  the 
tilting  ear vo 3  wore  designed  to  accelerate  tha  cockpit 
instantaneously  by  an  amount  equal  to  the  difference  between  th® 
instantaneous  required  acceleration  and  the  component  due  to 
gravitational  acceleration,  uhs  re sv.l «  would  00  pu  idoai 
acceleration  servomechanism®  However..,  each  a  dr3ve  would  bfi 
undesirable  since  an  ideal  acceleration  servo  is  inherently  un¬ 
stable  with  respect  to  position;  loS®,  while  the  ccrreot 
acceleration  would  theoretically  he  applied  at  all  times,,  tfcs 
cockpit  would  oscillate®  Xn  order  to  prevent  oscillation, 
damning  forces  proportional  to  velocity  must  be  applied  with  an 
attendant  error  in  accelerating  forces® 

.ihiothox*  problem  Involves,  in  tho  sdoctioji  0*  ^.iio 
radius  "between  tha  cockpit  suspension,  axis  and  the  pilot..  An 
the  reditu  is  decreased,  tha  motion  of  thepAXoVz-.  body  approaches 
pure  rotation  and  angular  acceleration;;  similarly  vs  the  radius 
iB  increased,  tho  motion  of  the.  pilot  spproechco  pure  translation 
with  translational  no c 0 3. e.  x  ’  a  t  i on  =  fb.e  latter  nenoju-iou  seems  pro^’ 
ferable,  particularly  for  the  case  of  large  aircraft®  However,.. 
a q  the  radius  la  Increased,  tho  structural  problem  of  cockpit 
support  becomes  Increasingly  difficult,  and  the  power  requirement 
of  the  cockpit  tilting  drive  a  increases®  S'or  these  re  a.  00:1c  l">  is 
desirable  '00  keep  the  radius  0,0  small  as  possible  without 
destroying  tha  illusion  of  flight® 


Benorfe  i'-’c-o  Rr-d&» 


In  adclltio i>,  to  jilting  the  cicc’ij.lt  $•:;  puCme  thy 
"fed15  of  the  aircrafts  'i\*sponau  to  tiro  ccnv>v:-lG:  U  twy  be 
desirable  to  introduce  transient  tran rso . at io not.  nC(j.i.-!.cx's,i.'.our'  &•'• 
brclof  duration  and  atteroublBg  direction  to  BirctUtt  the  effect© 
of  flight  through  turbul® at  air»  (Transient  fc.ro®  o  would  b© 
applied  simultaneously  to  ths  controls..}  The  value  of  thee® 
t ran o i ©tvo  e  in  simulating  flight  and  t.hs.‘  exoct  Tuoimsi  if-  which.  tho 
should  1)e  applied  have  not  yet  been  do'serminecL 

Quantitative  data  on.  optima*  occeler*.tio&  of  the  cool:- 
pit  aro  difficult  to  obtain  since  allowable  deparV.uos  from  exact 
simulation  depend  on  the  subjective,  sensations  felt,  by  tbo  pilot e 
The  problem  is  not  oonfimd  to  the  field  of  nngineex-lng  fx> ne,  buy 
requires  knowledge  of- the  physiology  end  psychology  of  the  pilot ‘a 
perception  and  aonaatlouo 
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Sub,j  act :  Inscription  of  Proposed  Control  Force  Demonstrator 


Identification ; 

The  control  force  equipment  represents  an  important  part  of  the 
proponed  aircraft  analyzer,,  The  preface  to  tho  BuAoro  specifications  for 
the  analyser  states 

"’The  moat  significant  feature  of  thio  analyser  is  that  the 
reactions  of  the  pilot  to  the  handling  characteristics  of  tho 
airplane  arc  introduced  not  as  simple  reoponees  to  given  situations 
hut  aa  the  more  complex  responses  characteristic  of  tho  human  being. 11 

The  complex  human  responses  mentioned  are  the  result  of  tho 
composite  effect  of  instrument  readings  and  the  forces  appearing  on  tho 
airplane  controls*.  In  order  that  these  reoponaes  ho  of  value  It  is  of  great 
Importance  that  theee  control  forces  be  accurate  and  refill  otic,, 

Three  separate  acts  of  control  forces  must  ho  gene  r  at  © &~  =*  e  1  o  vat  u'  r 
or  control  column  forces,  aileron  or  control  who  el  forces,  and  rudder  or 
control  pedal  forces.  All  throe  sets  require  the  same  typo  of  generated 
loads  and  differ  only  in  magnitude  and  rate .  They  present  the  name  problems 
and  can  he  solved  by  the  same  typos  of  equipment,-  Tho  genc'£l  discussions 
which  follow  apply  to  all  controls,  hut  specific  values  refer  to  el ©vat or 
or  control  column  forces. 

A  system  for  generating  control  forces  bao  been  devised,  and  a 
test  ootup  or  demonstrator  is  being  built  to  check  the  worth  of  the  system. 
This  report  will  outline  the  problem  and  discuss  the  reasons  for  choosing  tihs 
system  to  be  tested.  This  discussion  will  be  followed  by  a  description,  of 
the  teat  setup  giving  numerics, 1  values  for  all  constants,, 
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1 .  Proposed  Solution 


The  problem  fall a  Into  two  categories; 

(1)  The  translation  of  computed  data  in  the  form  cf  an  electrical 
signal  from  the  analyser  into  torque  or  load  forces  on  tho 
controls 

(2) '  Creation  of  the  proper  “feel1*  in  the  action  of  the  controls. 


The  controls  in  an  airplane  consist  of  a  column,  wheel,  or  pertain, 
having  inertia  and  friction.  The  controlling  member  la  connected  by  elastic 
connecting  cables  to  a  set  of  control  surfaces  having  inertia  and  friction. 
Assuming  no  aerodynamic  load  on  the  control  surfaces,  the  control  system  can 
be  shown  schematically  as  follows; 


CONTROL 

A/cMBER 


f  CABLE. 

L  m 

r<np — 


CONTROLLING  j m 

MEMBER  MOTIOM  ^ 


/  CONTROL  SURFACE. 


CONTROL  SURFACE; 

motion 


FIGURE  1.  AIRPLAHE  GOHTROL  WITH  ELASTIC  GABLE 

This  system  is  not  a  simple  one  to  approximate.  In  addition,  the 
elasticity  of  the  cables  is  probably  an.  unnecessary  refinement.  If  the 
elasticity  of  the  cables  is  neglected  the  system  becomes 

CONTROLLING 

MEMBER  MOTION  - - 

-4 -  - 4- 

/  /  CONTROL  SURFACE. 

1. — -  MOTION 

3nv>-  J5  -  Jo 

-  fo 


FIGURE  2.  AIRPLAHE  CONTROL  WITH  IHEMSTIC  CABLE 


J0  is  the  combined  inertia  of  the  system  referred  to  the  pilot.  i'Q  is  the 
combined  damping,  both  viscous  and  coulomb.  There  is  no  elasticity,  and  the 
system  exhibits  no  oscillatory  tendencies.  The  inertia  and  damping  will  both 


vary  depeading  on  the  airplane.  la  particular,  the  vi.junu:  damping  due  to 
motion  of  the  control  surfaces  will  depend  on  the  conf igurati on  of  them;  tnv-/- 
faces . 

Thu  aerodynamic  load  on  the  control  surfaces  is  largely  a  restraining 
force  proportional  to  control  surface  deflection.  This  force,  is  fcha  only  on-:; 
considered  in  the  specification  equations  at  the  present  time.  It  is  also 
possible  that  there  may  ha  additional  affects  such  as  changing  damping  or 
even  higher  order  effects.  For  the  time  being  only  the  proper fcional  roatr&iniiig 
force  will' ho  considered. 


Such  a  force  io  equivalent  to  a  opring  to  ground  connected  o<>  the; 
control  surfaces.  The  new  system  will  he 
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FIGURE  3.  AIRPLANE  CONTROL  SYSTEM  WITH  AERODYNAMIC  LOAD 

The  value  of  fc0  is  computed  by  the  analyser  and  io  dependent  on 
airplane  characteristics  and  flight  conditions. 


above. 


The  problem  then  falls  into  the  two  separate  divisions  mentioned 


(1)  Obtaining  an  affective  force  tending  to  return  the-  control  to 
neutral.  This  force  must  he  proportional  to  the  control  displacement  from 
neutral  and  met  vary  in  magnitude  •  according  to  an  .electrical  signal  from  the 
analyser. 

(2)  Devising  &  system  that  will  allow  adjusting  J  and  fQ  over 
reasonable  limits;  that  la,  a  system  which  will  have  the  proper  feel 11 . 

Additional  control  details, such  as  translation  of  control  aad  tab 
positions  into  electrical  data  for  the  analyzer  are  not  part  c«f  the  control 
force  problem. 


7. 1 .  General  Approach  to  the  Problem 

Generation  of  control  forces  requires  first  a  controller  which  will 
develop  a  force  or  torque  which  ie  accurately  proportional  to  an  input  signal 
Such  a  controller  Is  a  prime  requisite  for  any  leading  system  and  will  he 
discussed  in  a  separate  section.  A  simple  controller  system  would  be 
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Su«H  tv  system  would  have  the  same  vharacterlr.  bice  ;aj  the  Rye* ism 
of  figure  3-  The  controller  constant  can  be  varied  either  in  the  corlirolj.o;!' 
or  by  attenuating;  the  input  to  the  controller.  The  only  m«  arallsiUlo  for 
varying  Ju  and  f0  is  actual  physical  change  of  the  mate  and  friction. 


ic  a  limit  to  thin  method,  of  varying  the  constant s„  however.  St  is  si 
to  increane  inertia  by  adding  weight  to  the  column  tut  troublesome  tc 
in  a  neat  and  unobtrusive  manner.  There  is  no  way  of  reducing  inertia 
the  designed  minimum.  Vincous  darapero  are  large,  power  consuming,  not 
variable,  and  do  not  maintain  their  cal  :l  brat  ion.  Cculcmb  dampers  are; 
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A  method  is  therefore  needed  that  will  enable  reasonable  change b  in 
effective  inertia  and  damping  to  be  mads.  One  method  la  to  add  component n  to 
the  controller  input  that  are  proportional  to  the  first  and  ;,ecpnd  derivatives 
of  the  output  or  control  motion. 
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It  is  unimportant  to  the  output  memhci’  whether  the  torques  on.  ito 
ahai t  cop.'.’;  from  the  inertia  forces  and  damning  forces  associated  with  it  or 
.trom  the  <5ontroJ.ier.  will  hjive  the  sapae  effect  on  abaft  pGi/forwanoe'  a? 

would  a  viscous  damper  with  damping,  f  K-, .  Kpv)0  vrill  .cave '  the  ram.n  effect 
on  shaft  peribrmanca  as  would  a  /nr  abb  of  inertia  J  "  N  .  Sin;::  it  is  possible 
to  clangs  the  oigaa  of  IT  and  K?  :.t  in  possible  to  either  in jreace  or  decrejia* 
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A  system  of  this  type  should  be  able  to  simulate  exactly  the  ohexact. 
of  the  simplified  airplane  control  cyr.tam  of  Figure  *>, 
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IX I.  Choice  of  Elements 
A.  Controller 
’Requirements 

The  controller  described  above  hao  the  following  requirements; 

1)  It  must  produce  torques  which  are  proportional  to  input 
slgnalo  (probably  a-c  voltages). 

2)  It  muet  be  capable  of  developing  torques  of  sufficient 
magnitude,, 

3)  It  must  be  capable  of  developing  velocities  of  sufficient 
magnitude  * 

b)  It  must  have  a  high,  speed  of  response. 

In  greater  detail  these  requirements  are 

1)  Accuracy 

lo  very  high  degree  of  accuracy  is  required.  Technically,  of 
course,  the  accuracy  of  the  controller;  that  is,  the  consistency  of  the  torque 
to  signal  ratio,  will  determine  the  ability  of  the  device  to  represent  the 
ideal  mass-spring-daraping  system  of  Figure  3,  Actually,  it  will  be  beyond 
the  ability  of  the  operator  to  distinguish  a  difference  from  ideal  torque 
of  probably  10$  or  more.  The  frequency  response  and  transient  characteristics 
of  the  system  will  also  vary  with  controller  accuracy,  but  these  responses 
are  not  important  over  fairly  broad  limits.  Errors  of  10$  can  probably  be 
tolerated  without  appreciable  effect  on  pilot  "feel".  ■  *  , 

2)  Maximum  Torque  Required 

Two  pilots  of  normal  strength  under  normal  conditions  can  exert  & 
pull  on  the  control  column  of  up  to  600  pounds  according  to  HACA  tests.  To 
this  figure  must  be  added  an  adequate  factor  of  safety  to  allow  for  pilot 
responses  to  unusual  conditions.  1000  pounds  has  been  taken  as  a  desirable 
maximum  available  force  to  cover  all  conditions.  This  does  not  mean  that  the 
maximum  control  forces  possible  in  an  airplane  are  less  than  100C  pounds; 
they  may  be  considerable  more,  but  there  Is  no  point  in  having. available 
forces  which  the  pilots  cannot  exert. 

3)  Maximum  Velbcity  Required 

Ho  data  was  available  on  thin  important  point,.  An  estimated  value 
of  5  ft/sec,,  was  obtained,  however,  by  the  following  method  and  ig  felt  to  be 
of  the  preper  order, 

A11  approximate  siatieoid  was  generated  by  R.  Everett  by  a imply 
moving  bin  hand  as  if  stroking  &  control  column,  Ho  load  forces  were ’aaaumad* 


the  maximum  amplitude  vae  about  '.l 6“  and  thu  period  was  such  t-..n  to  give  a  high 
but  maintainable  rate «  The  resulting  period  waa  about  .8  -seconds  and  the 
maximum  rate  based  on  assumed  sinusoidal  motion  was  p  ft/ 000,  la  the  actual 
equipment  the  pilot  will  have  to  move  the  niaso  of  the  column  and  work  against 
the  ay  atem  friction  and  control  surface  rent  raining  torque  „  5  ft/see,,  should 
be  adequate  for  even  quick  pulls  against  these  loads  . 


The  above  sections  prescribe  a  maximum  force  of  1000  pounds  and  a 
maximum  velocity  of  5  ft/sec.  If  both  maximum  force  and  maximum  velocity  occur 
at  the  uame  time  the  controller  must  develop  over  9  HP.  Such  power  in  053 'end 
the  instantaneous  outuut  of  two  men,  especially  when,  pulling  with  their  arms 
only.  The  continuous  power  output  of  a  man  Is  low— -perhaps  <1  HP.  His  over¬ 
load  capacity  is  quite  high,  however— perhaps  1  to  2  HP  (for  very  short  times) 
depending  on  conditions.  The  maximum  horsepower  required  of  the  controller  in 
order  to  overcome  pilot  torque  will,  therefore,  be  nearer  3  DP  than  $  and  then 
only  for  short  times.  In  addition,  the  controller  must  supply  enough  power  to 
accelerate  the  controller  maos  when  travelling  at  maximum  rates.  The  maximum 
desired  acceleration  and  the  system  inertia  must  also  be  considered  If  the  true 
maximum  required  controller  power  output  is  to  be  determined.  Due  to  the 
physical  nature  of  the  controller  eventually  chosen  the  true  power  output  was 
not  computed. 


B„  Basic  Controller  Decisions 


The  type  of  controller  could  be  either  air,  electric,  or  hydraulic. 
Air  was  discarded  without  disexeaian  largely  because  of  lack  of  available 
equipment  and  technique  although  considerable!  difficulty  could  be  force  an  an. 
the  use  of  en  air  controller. 


An  electric  controller  was  considered,  but  discarded.  The  forces 
and  horsepowers  required  are  of  such  magnitude  that  they  could  be  obtained 
only  by  a  large  electric  motor  well  geared  down.  Under  these  clrcum stances 
the  inertia  and  friction  referred  to  the  controls  become  of  absurd  magnitude. 


A.  hydraulic  controller  presented  the  most  possibilities  because 
of  the  high  p®wer  and  spaed  of  response  of  hydraulic  ay  stows,,  A  controller 
proposal  using  a  hydraulic  motor  geared  to  the, control  column  was  discarded 
because  it  suffered  from  the  came  difficulty  as  the  electric  system  although 
to  a  lesser  extent.  A  hydraulic  cylinder  and  piston  was  finally  decided  on 
as  most  nearly  meeting  the  conditions,  Heflected  inertia  and  friction,  are  at 
a  minimum  due  to  absence  of  gearing  while  a  wide  range  of  favosa  and  speed ’.a 
are  available  -with  proper  choice  of  piston  area,  control  pressure,  and  lever 


With  the  force  producing  element  decided  on  there  remained  the 
choice  of  a  pressure  controlling  device.,  A  simple  form  of  tile  method  chosen 
1®  shown  in  Figure  6. 
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FIGURE  6,  HYDRAULIC  CONTROLLER 

The  control  device  continur.txgly  adjusts  the  regulator  eel  lingo 
give  the  desired,  pressure  differential  across  the  pi oton.  In  the  interests  of 
high  cpeed  of  response ,  a  single  stage  partially  balanced  regulator  was 
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FIGURE  7„  PRESSURE  REGULATING  VALVE 

The  force  on  the  value  is  given  bjr  the  equation 

F  ~  P(A0  ~  Ag)  ®  KX?  where  quantities  are  shown  in  Figure  7 

The  assumption  is  made  in  this,  equation  that  the  velocity  of 
approach  to  tha  orifice  is  negligible,,  In  other  words,,  the  pressure  head  of 
the  oil  against  the  valve  is  assumed  to  equal  the  pressure  head  of  the  oil 
back  in  the  low  flow  area.-.  If  this  assumption  is  fair  for  the  flow  rates 
cone  owned,  then  the  valve  calibration  io-  independent  of  flow.,  Such  is  tha 
caee  for  a  valve  of  the  cis©  finally  decided  oru 

A  system  has  now  been  obtained  which  enables  a  position  to  be 
converted  into  a  force „  It  only  remains  to  obtain  a  method  of  obtaining  a 
position  from  a  voltage-. 


A  tvrj>«Bt£!ge  converter  was  chosen,,  The  first  stage,  consists  of  a 
2-phase  a-c  torque  motor  driven  from  a  power  amplifier. 
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'FIGURE  g*  TORQUE  MOTOR  jjfjj 

The  low  power  signal  in  (a)  is  linearly  amplified  in  amplifier  (ki)„  v/han 
applied  to  the  torque  motor  control  field  thin  voltage  results  In.  a  proportional, 
torque  (k-^lc^e) „  A  ragtraining  spring  t,ux*ns  this  torque  into  an  angular  position 
of  the  torque  motor  arm,, 

Unfortunately,  the  power  level  of  the  torque  motor  1b  Insufficient  to  drive  a 
pair  of  balanced  pressure  regulator  valvo a  of  the  type  described  above.  The  fcorqn 
motor  position  is  therefore  amplified  in  a  simple  hydraulic  preamplifier. 
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FIGURE  9 „  TORQUE  MOTOR  AND  HYDRAULIC  AMPLIFIER 

The  hydraulic  preamplifier  can  he  built  to  give  a  reasonably  high  power 
level  for  driving  the  pressure  valves. 

The  controller  is  now  complete  in  essentials.  See  Figure  10., 
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FIGURE  10.  COMPLETE  CONTROLLER  SCHEMATIC 
Two  important  mat hers  remain  to  be  settled. 


l)  The  nature  of  the  oil  supply  pumps. 
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Waou  the  control  cclutaa.  is  (standing  still  no  oil  io  required  fron 
the  supply  except  for  leakage ,  l'he  maximum  amount  of  oil  required  dcr-ends  on 
the  maximum  speed  of  the  piateu„  It  is  possible  to  use  either  a  variable 
displacement  supply  or  a  fixed  displacement  supply 0  She  fixed  supply  in  ftx 
simpler  hut  has  a  number  of  diaadvantagoer 

V/itb.  the  fixed  supply  normal  pump  flow  la  determined  by  maximum 
required  piston  reloci ty <,  Standby  Iobssb  are  thus  determined  by  maximum  re¬ 
quirements  and  are  much  higher  than  with  a  variable  displacement  supply ,, 

Total  horsepower  requirements)  are  determined  by  the  product  of  maximum  force 
and  maximum  velocity  regardless  of  whether  or  not  they  can  occur  togs  :-horc 
The  horsepower  requirements  of  a  variable  displacement  supply  are  dependent 
aolely  on  the  maximum  horsepower  required  from  the  controller, 

Tho  added  complication  of  the  variable  displacement  supply  more 
than  outweighs  ito  advantages,  however „  Such  a  supply  would  be  far  more 
expensive  and  complicated  than  the  constant  displacement  one0  Another  servo 
of  considerable  power  would  be  required  to  stroke  a  large  unit,  and  considerable 
complication  would  be  needed  in  a  data  system  for  adjusting  stroke  to  correspond 
to  piston  speed c.  The  saving  in  maximum  horsepower  and  in  standby  locoes 
might  be  5Q$  or  more,  but  until  experimental  evidence  ia  available  the  added 
complication  does  not  seem  warranted. 

Fixed  displacement  pumps  were  therefore  chosen, 

2)  Accuracy 

>  s 

The  system  act  up  in  Figure  10  depends  for  accuracy  on  the 
excellence  of  a  number  of  unite  in  cascade.  Relatively  high  degree 0  of 
perfection  are  required  for  each  component  if  the  overall  trror  is  not  to 
exceed  10$,  A  solution  to  this  problem  is  to  make  a  torque  servo  out  of  the 
open  cycle  torque  controller.  The  loop  could  be  closed  aa  fallows* 
SUBTRACTING.  _  _ 
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feedback  and  loop 
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CONTROLLER. 


The  strain  gage  allows  use  of  a  feedback  voltage  proportional  to 
output  force.  The  controller  gain  would  have  to  be  increased  to  maintain  the 
controller  calibration.  The  overall  controller  error  would  decrease.  The 
controller  could  be  made  to  have  ae  great  static  accuracy  aa  desired  (within 
the  limits  of  strain  gage  and  summing  circuit)  by  proper  adjustment  of  feedback 

and  controller  gain,,  This  refinement  reciuiraa  further  study  before  a  decision 
can  be  made. 
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Ho  dioouBBion  has  boon  ffia.de  above  aa  to  tbs  tr, umlaut  response  oj. 
the  controller  or  the  effect  of  adding  a  feedback  signal.  '-i:;ct>pt  00  state  that 
the  components  have  been  chosen  with  si  view  to  sftuking  the  ojiead  of  re  rpoarj 0 
as  high  ae  possible,  This  problem  is  discussed  later  In  tala  .report  ind  wore 
completely  in  6295  Reports  37  3S- 


C »  feedback  ays  tom 


Requirements 


The  controller  has  boon  dlscuosed  above.  The  signal  ays ten,  which 
will  complete  the  control  force  load  equipment,  has  the  following  requirements s 


lo  All  signals  must  be  phase  sensitive,, 


2o  Maximum  to  minimum  olgnel  ratios  should  bo  at  least  XOOt-.’t  *v 
all  elements  except  the  positional,  signal  vm  eh  should  have 
at  least  a  500;  1  ratio  , 


The  dead  zones  must  bo  kept  to  a  minimum  in  all  elements* 


The  time  constants  of  all  signals  should  be  as  small  as 
possible.* 


The  Positional  Signal 


The  positional  signal  can  be  most  easily  obtained  from  a  canter*- 
tapped  potentiometer  A  high  impedance  wire -wound  potentiometer  should  have 
anough  turno  to  provide  adequate  sensiti'Vity  and  be  sufficiently  accurate 
for  the  purpose.  Varying  the  supply  voltage  to  this  potentiometer  is  equivalan*  ■ 
to  varying  the  gain  of  the  positional  signal  to  the  torque  controller  and 
therefore  provides  a  simple  means  of  supplying  k0  data  from  the  analyzer. 

See  Figure  5° 


The  First  Derivative  Signal 


This  signal,  which  is  proportional  to  the  first  derivative  of  output 
position!  that  is,  output  velocity,  can  be  most  easily  obtained  from  a 
commercially  available  a-c  drag-cup  tachometer.  These  tachometers  deliver 
an  a~c  output  voltage  proportional  in  magnitude  to  the  tachometer  speed. 

Various  models  are  available  which  have  different  accuracies  and  residual 
voltages.  The  best  available  will  be  used. 


The  Second  Derivative  Signal 


This  signal  must  be  proportional  to  the  acceleration  of  the  control 
member.  It  is  more  difficult  to  obtain  than  the  other  signals, .  Thera  are  two 
general  methods? 


l)  Direct 


Acceleration  is  measured  by  the  lag  of  a  mass  behind,  a  driving 
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shaft  to  which  the  ms  a  is  coupled  by  a  restraining  J 

meter  ha  a  been  constructed  in  the  labcr&lo ry  tut  *b  <U"j  io*<  <  3^'"' 

this  use,  The  inertia  of  the  unit  ia  high  and  in  order  to  ,vf r; 

output  signal 3  it  would  have  to  bo  well  geared  up,  i’ne  i.e*  *.ec».eu  ..  is/  .....  »  t 

•then  be  high.  In  addition,  the  maximum  to  minimum  voltage  :-auo  ...  .5  ...owo,.'  *  a*-* 

desired*  A  considerable  period  of  development  would  bo  required  03*0 re  :i 
satisfactory  unit  could  he  obtfiinoa.. 


2)  Velocity  derivative 


A  second  and  more  promising  possibility  is  to  take  the  ..lerr'mwvc 
of  a  velocity  signal.  The  velocity  oighnl  eem  be  obtained  from  another  tacnomoter 
like  the  one  used  for  the  first  derivative  or  even  from  the  same  tachometer  1a 
the  saving  in  equipment  Is  worth  the  nepass&ry  circuit  complication..  ^  -he  eignai 
from  such  a  tachometer  is  a  modulated  a»e  voltage,  the  envelope  ^o:c  which  .mu, -.1 , 
be  differentiated  in  order  to  obtain  the  acceleration  signal 0  Two  metuoaa 
present  themselves s 


a)  D-0  derivative 


circuit, 
must  bo 
difforen 
nroblem 
and  time 
program 

pro duo a 

voltage 


The  derivative  of  a  d-c  voltage  may  bo  taken  easily  with  an  R-0 
Difficulty  arises  in  that  the  modulated  signal  from  the  tachometer 
first  demodulated  using  a  phase  sensitive  rectifier  circuit,  then 
.tinted,  and  finally  remodulated.  A  complicated  uifoui ;  rouultii, 
of  ripple  voltage,  filter  time  delays,  derivative  circuit  attenuation 
1  delay,  and  balanced  modulator  performance  point  to  a  considerable 
of  investigation.  The  advantage  of  such  a  circuit  is  that  it  should 
good  outputs  for  low  input  rates.  The  use  of  400  epa  for  the  tachometer 
would  improve  the  time  delay  troubles  but  not  remove  them. 


b )  A-G  der  1 vat i vs 


The  derivative  of  the  envelope  of  a  modulated  a~c  voltage  may  bo 
taken  by  using  a  parallel-®  network,.  Such  a  network  provides  a  satisfactory  d@ 
without  carrier  phase  shift  over  a  sufficient  range  of  modulating  s requeue! e® ^ 
to  suffice  for  this  application.  It  can  be  connected  directly  to  the  taefconete 
eutput  but  would  probably  require  an  amplifier  stage  following  to  bring  tno 
oignal  level  back  to  the  proper  magnitude..  For  high  end  moderately  high 
accelerations  the  circuit  should  work  well.  For  very  low  input  rates  rework 
unbalance  and  harmonic  content  of  the  input  might  be  very  troublesome,  come 
input  signal  will  feed  directly  through  the  filter  and  must  be  compensated 
for  by  an  opposing  tachometer  signal.  The  greater  simplicity  c,f  this  me  thou 
over  the  d-c  derivative  method  warrants  its  study  first. 


rivs'.tiv  t 


3)  Second  derivative  of  pooition 


There  ia  little  merit  to  this  method.  The  signal  from  ti  good 
tachometer  ia  probably  superior  in  quality  to  that,  fiom  a  derl  ative  circuit, 
especially  as  the  potentiometer  signal  is  not  smooth  but  ss-«pp  d.  The  added 
complication  of  two  derivative  circuits  with  their  cumulative  roubles  is 
preferably  avoided.. 
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Sunimtion  of  signal  a 

The  means  for  obtaining  the  throe  signals  lussded  have  been  oho  s  mi , 

It  remains  to  add  the  as  signals  in  a  summing  circuit  and  to  a  apply  the  cram 
to  the  torque  controller.  Variable  attenuators  will  be  needed  In  each  signal 
to  the  summing  circuit  to  allow  proper  selection  of  the  magnitude  of  each  tilgaal . 
Kaano  must  also  be  provided  for  varying  the  voltage  aero bo  the  positional 
potentiometer  since  this  will  be  the  means  for  supplying  analyser  data  to  the 
system. 

The  complete  ay stem 

A  schematic  of  the  complete  system  consisting  of  the  tor quo  controller 
and  feedback  system  described  above  will  be  found  in  Figaro  12,  Drawing  3k  2027  CU 


If ,  The  Demonstrator 


The  demonstrator  Is  a  piece  of  experimental  equipment  designed  to 
teat  the  validity  of  the  conclusions  outlined  a'teve,.  It  represents  a  sing]-? 
axis  of  the  airplane  controls^  namely,  the  elevator  motion,  Using  available 
equipment  wherever  possible  the  demonstrator  adheres  closely  to  the  proposed 
design.  The  equipment  with  associated  equations  and  numerical  values  in 
described  In  some  detail  below. 

Genial  description 

The  equipment  is  mounted  on  a  base  made  up  of  6::6  atoel  H  beams 
and  3 /S"  plate  and  1b  about  9  feet  long  and  30  inched  wide.  The  operator 
sits  in  a  metal  seat  from  a  Navy  40  mm,  gun  mount.  Oil  supplies,  valves, 
force  cylinder,  control  column,  output  gear  box,  and  miscellaneous  fitting!} 
are  mounted  on  machined  pads  welded  to  the  top  plate.  Electronic  equipment, 
la  mounted  in  an  open  relay  rack  separate  from  the  base. 

Main  oil  flupply 

In  view  of  the  high  powers  involved  a  2000  pal  oil  supply  was 
decided  on.  Flow  requirements  war©  determined  from  the  constant  paw©"1  relatiwu 

F  ”  max,  preao,  ~  2000  pel 

Q,  =  max,  flow 

F  »  max,  force  ~  1000  pounds 
V  53  max,  velocity  •"  60  inf  am. 


PQ  =  FV  where 


-  1000x60 
2000 

“  30  cu  in  per  sac 


«s  1800  cu  in  per  minute 
=  7,8  gallons  per  minute 
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The  units  purchassu  wsrc  Vickers  2-ctagc-  vans  pumps  r 
maxlur.um  continuous  pro enure  rating  and  flow  rating  of  &  6PM  ;-t  C 
at  2000  pci  —  Vickers  #¥-‘2305-0 „  A  pair  of  those  ware  obtaanac! 
10  HP  drive  motor,  10  HP  was  an  adequate  rating  for  intermit  ten 
one  pump  at  full  load  and  the  other  idle. 


pel  >1 
mount 
t  dad;;)' 


ad  V  1 
eel  on 
■vr  ltd 


Vorce  cylinder 

A  cylinder  ivas  available  from  another  project.  The  effective  pin  ton 
area  is  2„33  8q»  in.  and  the  length  of  stroke  adequate  for  any  need,. 

Torque  motor 

A  Diehl  2»ph&ao  servo  motor  Model  #PPP-U9‘”5  i»  used  as  a 
torque  motor.. 

Hydraulic  amplifier 

A  stroke  control  assembly  from  a  previous  project  was  modified  by- 
removing  all  special  linkages  and  limit  stops. 

Prefigure  control  valve a 


The  pressure  control  valves  are  of  special  design.  An  early  vodel 
is  discussed  in'  6295  Deport  #6,  Tests  on  the  valve,  actually  used  will  be 
covered  in  a  future  report,  ( 

Electronic:  Equipment 
Summing  amplifier* 

'  The  summing  amplifier  is  of  a  standard  6295  design  discussed  In 
6295  Reports  22  and  29 0  Cathode  follower  inputs  .ire  used  with  variable 
potentiometers  ac  the  cathode  resistors  to  obtain  variable  gain,  five  inputs 
are  used  to  provide  for  position,  velocity,  and  acceleration  inputs  plus 
provision  for  strain  gauge  feedback  and  the  insertion  of  an  external  signal 
for  test  purposes,. 

A-C  derivative  circuit 

A  parallel**!?  network  tuned  to  reject  60  cps  is  used,  The  output, 
is  amplified  before  Insertion  in  the  summing  circuit,.  Harmonic  filters  will 
be  added  if  needed. 


Strain  gauge 

A  Rug <3  resistance  bridge  type  strain  gauge  is  affixed  to  a  tost 
section  of  the  control-  column.  The  gauge  does  not  measure  controller  torque 
output  but  rather  controller  torque  output  lean  the  inertia  forces'  du®  to  that 
part  of  the  system  which  lies  between  the  gauge  and  the  piston..  The  major 
item  excluded  ie  the  gsar  train,  but  the  errors  should  bo  small. 


The  strain  gi.d.-'3  xir-uhvoeu  vol togas  from  Jy  m vo !  V”,  he  SO  ri.i.11  1 
volts  A  proasspliflei*  at  ago  lo  provided  near  tile  £  uvj«s  'o  tlvi/W  taial  1 

signals  to  a  safe  level 5  and  sn  *j»plifici'  In  the  al  »e tronlo  i ;  ■: j'DliS'ift.a 

then,  for  the  summing  circuit  c.’  for  measuring  purpc 

Torque  motor  amplifier 

The  amplifier  ia  provided  with  a  parable '.-T  input  th.ioh  all  ova  the 
addition  of  corv  side  rah  la  load*  The  purpose  of  adding  lead  is  not  to  improve 
tho  torque  motor  performance  ( ilready  fast  enough  for  this  ayri'sm)  hut  to 
counteract  tho  time  delay  of  the  hydraulic  amplifier Gain  potentiometers  ar 
readily  available  for  adjustment  of  amplifier  propo  ’hi.oiial  gain  and  lead  time 
constant* 

Tho  output  stags  conflicts  of  parallel  pu ih-pull  Gif’s  capable  of 
delivering  about  45  volt-amperes  to  the  i  or  quo  mot  or. 

Output  goai-  train 

The  output  gear  tram  conoiato  of  four  20 , GOO-ohn  CE  wire-wound 
potentiometera  running  at  the  name  speed  plus  two  tachometers  running  toga  the: 
at  a  higher  speed*  At  present  the  train  is  designed,  for  Kolltmaa  #776-02  driv 
cup  motors  used  as  tachometers,  hut  Arms.  #5-1  Induc  tion  Goner.;. tore  will  pro  ha 
ha  used*  Gear  ratios  and  speeds  for  the  system  are  given  bol;v. 


Quant  i ty 
Control  liandla  * 
Piston 

Control  Column 
Potentiometers 
Tachometer;? 


Batie 

Laver  arm  ■'*  26s’ 

~  5„2" 
X  1 

x  6*35 
x  123  ..4 


MiXiumm  Spai 
GO  in/.asy 
12  in/ a oe 
20  BBS 
1  jT  ItPM 
2500  BPM 


The  performance)  of  the  separate  components  of  the  Control  Force 
Demonstrator  are  described  in  detail  in  6295  Haport  #37=  Equations  are 
derived  for  component  performance  and  numerical  values,  given  for  all  constant 
Report  #3®  describee  the  stability  and  frequency  response  for  the  complete 
system  and  dircusaoa  possible  j angoa  of  operation. 
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